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ABSTRACT 


The California Floristic Province (CFP) is an area of high biodiversity and endemism 
corresponding roughly to the portion of western North America having a Mediterranean-type 
climate. High levels of diversity and endemism in the CFP are attributed to the unique geo-climatic 
setting of the region. In recent years! much has been learned about the origins of plant diversity in 
western North America. This work, however, has been hindered by a focus on political rather than 
biotic regions, such that much more is known about diversity and endemism in the state of California 
than the natural biotic region represented by the CFP. Here we present a preliminary list of native 
land plants (vascular plants and bryophytes) found in the CFP, as well as an analysis of diversity and 
endemism patterns at the level of both species and minimum rank taxa (MRT; species and 
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infraspecific taxa). A total of 6,927 MRT are native to the CFP, including 6,143 vascular plants and 
784 bryophytes. Of these, 2,612 vascular plants are endemic to the CFP (42%) compared to 37 
endemic bryophytes (5%). Finally, 2,506 native CFP vascular plant MRT (41% of the CFP flora) and 
454 CFP bryophyte MRT (58% of the CFP flora) are found outside California in the Oregon and Baja 
California parts of the CFP. This high degree of sharing across political boundaries among both 
vascular plants and bryophytes highlights the cohesiveness of the CFP, and the need to focus more 
research effort on biotic regions. 


RESUMEN 


La Provincia Floristica de California (PFC) es una zona de alta biodiversidad y endemismo que en 
gran medida corresponde con el clima de tipo mediterraneo del oeste de Norteamérica. Los altos 
niveles de diversidad y endemismo de la PFC se les atribuyen al entorno geo-climatico unico de esta 
region. En los últimos años han habido grandes avances en el conocimiento sobre los origenes de la 
diversidad de plantas en el oeste de Norteamérica. Este conocimiento, sin embargo, se ha visto 
limitado por un enfoque en las regiones políticas mas que en las bióticas, y por lo tanto se sabe mucho 
más acerca de la diversidad y endemismo en el estado de California que en la región biótica natural, 
representada por la PFC. Aquí presentamos una lista preliminar de plantas terrestres nativas (plantas 
vasculares y briófitas) presentes en la PFC, asi como un análisis de los patrones de diversidad y 
endemismo a nivel de especies y de los rangos minimos de los taxones (RMT, especies y taxones 
infraespecificos). Un total de 6,927 RMT son nativos de la PFC, incluyendo 6,143 plantas vasculares y 
784 briófitas. De ellas, 2,612 plantas vasculares son endémicas de la PFC (42%) comparadas con 37 
briófitas endémicas (5%). Finalmente, 2,506 plantas nativas PFC vasculares RMT (41% de la flora 
de la PFC) y 454 PFC briófitas RMT (58% de la flora de la PFC) se encuentran fuera del estado de 
California en las zonas de la PFC en el estado de Oregon y en Baja California. Este alto grado de 
intercambio a través de las fronteras politicas entre plantas vasculares y briófitas destaca la cohesión 
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de la PFC, y la necesidad de centrar los esfuerzos de investigación en las regiones bióticas. 


Key Words: Baja California, biotic region, Mexico, Nevada, Oregon, richness, species. 


The California Floristic Province (CFP; Fig. 1) 
encompasses an area of exceptionally high 
plant diversity and endemism, corresponding to 
the part of western North America that has 
a Mediterranean-type climate — including most 
of California, as well as parts of southern Oregon, 
western Nevada, and northern Baja California, 
Mexico (Howell 1955; Raven and Axelrod 1978; 
Fig. 1). We adopt a phytogeographic approach to 
defining the CFP. Our approach is in line with 
past hierarchical schemes of phytogeographic clas- 
sification (Engler 1879; Good 1974; Takhtajan 
1986). In these schemes, provinces are at the lowest 
level, and are recognized by their distinctive plant 
life. However, our definition of the CFP, like most 
modern ones (Howell 1955; Raven and Axelrod 
1978), also encompasses climate in defining the 
province. Although this concept could be construed 
as circular, since plant geographic distributions 
are often used as evidence to define the borders of 
floristic provinces, we believe that floristic provinces 
are valuable ecological hypotheses that deserve 
scientific attention and testing. 

The origin of high diversity and endemism in 
the CFP has long fascinated North American 
botanists, leading to an extensive and varied 
literature (Howell 1955, 1957; Stebbins and Major 
1965; Raven and Axelrod 1978; Kruckeberg 1986; 
Viers et al. 2006; Ackerly 2009; Thorne et al. 2009; 
Kraft et al. 2010; Lancaster and Kay 2013). 
Overall, research has focused on the problem of 
how the environmental history of the CFP region 
has contributed to high diversity and endemism, 
particularly the influence of climate, alone or in 


combination with other abiotic factors such. as 
soils and topography (Stebbins and Major 1965; 
Raven and Axelrod 1978; Kruckeberg 1986; 
Harrison and Inouye 2002; Harrison and Grace 
2007:: Kraft :et-al. 2010:  Anacker et: at: 2011: 
Anacker and Harrison 2012a, 2012b). 

Despite recent gains in our understanding of 
CFP diversity and endemism, many critical ques- 
tions remain (Ackerly 2009). Unfortunately, this 
research has been hindered by a lack of accurate 
information on the species that are present in the 
CFP, because floristic research has focused on 
political units, particularly the state of California 
(Baldwin et al. 2012), rather than biotic regions. 
To aid research on plant diversity and endemism 
in the CFP, we have compiled a preliminary list of 
land plants (Embryophyta) native to the region, 
along with information on their putative status as 
CFP endemics. We also analyze diversity and 
endemism in the CFP, providing the first such 
summary since the seminal work of Raven and 
Axelrod (1978). 

While our work represents the first attempt at 
a comprehensive list of the native and endemic 
plants of the CFP, it is by no means a final or 
perfect list, and should not be treated as a formal 
checklist for the CFP. As described in the 
Discussion, obtaining the best technically feasible 
list of the native flora of the CFP would require 
a comprehensive floristic assessment of the CFP 
on the scale of the Jepson eFlora (Jepson Flora 
Project 2015), with contributions from taxonomic 
experts able to assess the circumscriptions of 
taxa that may have populations in two or more 
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FIG. 1. Approximate border of the CFP and the 
component Regions used in analyses. See materials and 
methods, or Appendix 1, for regional abbreviations. GIS 
layers defining this region are deposited at the Dryad Digital 
Repository: http://dx.doi.org/10.5061/dryad.d4g4n. 


political units of the CFP. Our list is a starting 
point, with the expectation that future work will 
refine the accuracy of the list, and motivate 
research on the CFP and the biological entities 
that define it. A preliminary version of this list, 
based on the work of Burge, was published by 
Harrison (2013). The present work refines and 
improves upon the original list through the use of 
additional herbarium data and consultation with 
experts. The present list also includes bryophytes, 
which were not dealt with previously (Harrison 
2013). 
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MATERIALS AND METHODS 


There has never before been an attempt at 
a comprehensive list of native and endemic land 
plants from the CFP that includes the small but 
botanically significant portions of this region that 
lie in southern Oregon, northern Baja California, 
and Nevada (Fig. 1). Although our analysis relies 
heavily on the Jepson eFlora (Jepson Flora 
Project 2015) and the California Moss eFlora 
(2014) for the state of California, we also drew on 
a variety of resources, including herbarium 
material, for Oregon, Nevada, and Mexico. 
Overall, treatment of data for the vascular plants 
differed slightly from the treatment of data for 
the bryophytes, and so we present the materials 
and methods for each group separately. 


Vascular Plants 


All of our analyses were spatially explicit, using 
a modern, a priori definition of the CFP (Fig. 1) to 
assess native and endemic status. For the CFP 
border in California, we relied on the definition 
provided by the Jepson Manual, Second Edition 
(Baldwin et al. 2012). For the border in Baja 
California, we used a recent map by Riemann 
(2001). To define the CFP border in Oregon, we 
used the U.S.D.A. Forest Service Ecoregions of 
the United States map (Bailey 1995), which 
contains a definition of the CFP in this area (the 
Mediterranean Ecosystem Division). For Nevada, 
we used the definition of the CFP from the second 
edition of the Jepson Manual (Baldwin et al. 2012, 
p. 37). In this definition, the eastern border of the 
CFP corresponds to the path followed by U.S. 
Route 395 and Nevada State Route 88. The 
resulting definition has many similarities with the 
original CFP concepts of Jepson (1925) and 
Howell (1957), but contrasts with those of 
Cronquist (1982) and Takhtajan (1986), who 
considered the northern parts of the region to be 
part of the Vancouverian Province, a bioregion 
with strongly temperate affinities. Our definition 
of the CFP in Oregon also contrasts with the 
definition of Thorson et al. (2003), who include 
a portion of the Umpqua Valley in their definition 
of the CFP. Although our definition of the CFP 
(Fig. 1) differs from past ones, it is in line with the 
current understanding of floristic regions in 
western North America. GIS layers defining this 
region were deposited at the Dryad Digital 
Repository: http://dx.doi.org/10.5061/dryad. 
d4g4n. 

To deal with incongruities in data availability 
among the California, Oregon, Nevada, and Baja 
California portions of the CFP, separate pre- 
liminary lists of taxa for each region were created. 
For the CFP region of California, a preliminary 
list of minimum rank taxa (species, subspecies, and 
varieties; hereafter referred to as MRT; abbreviation 
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also used for minimum rank taxon) was generated 
using the Jepson eFlora (2015; first accessed 
10 October 2012; subsequently updated accord- 
ing to Revisions 1 and 2 for the Jepson eFlora). 
The Jepson eFlora provides lists of vascular 
plants present in each of the 50 geographic 
units of California defined by the second 
edition of the Jepson Manual (Baldwin et al. 
2012). We focused our research on the six Regions 
comprising the CFP in the state (Fig. 1): the 
Northwestern California Region (NW), the Cas- 
cade Ranges Region (CaR), the Sierra Nevada 
Region (SN), the Great Valley Region (GV), the 
Central Western California Region (CW), and the 
Southwestern California Region (SW). Our anal- 
yses dealt only with the native species for the 
California portion. of the CFP based on the 
"nativity" classification of the eFlora. However, 
there are three taxa that the Jepson Manual 
(Baldwin et al. 2012) treats ambiguously as 
“native or naturalized”, Trichocoronis wrightii 
(Torr. and A. Gray) A. Gray var. wrightii, Typha 
angustifolia L., and Xanthium spinosum L. At 
present, itis not known whether these are native or 
naturalized in California. In the interest of 
obtaining a conservative list of taxa native to the 
California part of the CFP, we excluded them 
from our work. However, we also note that there 
are Other taxa currently classified as native by the 
Jepson Flora Project that may or may not be 
native (Baldwin et al. 2012); instead of attempting 
to consider the veracity of their nativity ourselves, 
we accept the current “nativity” classification of 
the Jepson Manual. For species not found in 
California, we used the nativity definitions pro- 
vided by the Oregon Flora Project (2015) for the 
Oregon CFP, and O’Brien and Rebman (in press) 
for the Baja CFP. 

In addition to excluding non-native taxa, we 
excluded sterile “hybrid genera” (X Myrtgerocac- 
tus lindsayi Moran and X Pachgerocereus orcuttii 
[K. Brandegee] G.D. Rowley), as well as sterile 
“hybrids species” (eg. Elymus >x gouldii J.P. Sm. 
& Columbus and Equisetum Xferrissii Clute). 
Because they are sterile, with no capacity for 
spontaneous sexual reproduction, these hybrid 
plants are evolutionary dead-ends and thus not 
comparable to fertile plant lineages. 

To encompass plant distributions in the small 
but botanically significant portion of the CFP that 
extends into the state of Oregon (hereafter referred 
to as the Oregon CFP), we used herbarium 
specimens from the Oregon Flora Project (2015). 
Using coordinates obtained or inferred from these 
high quality specimens, a GIS approach was 
employed to determine the presence of MRT in 
the Oregon portion of the CFP, resulting in 
a preliminary list for the region. Because some 
specimen coordinate data is imprecise in compar- 
ison to the CFP boundary that we used, both false 
positives and false negatives are expected to occur 
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in this type of analysis. See below for more on the 
methods of post hoc data treatments that were 
used to overcome this limitation. All GIS work 
was done in ArcGIS v 9.3 (ESRI, Inc., Redlands, 
CA, USA). 

To account for plants found in the portion of 
the CFP that extends into Baja California, 
Mexico (hereafter referred to as the Baja CFP), 
we used a recent list of native and endemic taxa 
compiled by O’Brien et al. (in press) and O’Brien 
and Rebman (in press). This list began with 
unpublished lists compiled by B. O’Brien and T. 
Oberbauer and the published list by Riemann 
and Ezcurra (2005). This list was then reconciled 
with a draft checklist of the entire Baja California 
flora, which was assembled by J. Rebman 
(unpublished data). Using these lists, each taxon 
was evaluated separately in reference to verified 
herbarium specimens with reliable locality in- 
formation, and consultation with taxonomic 
experts for taxonomically recalcitrant or obscure 
groups of plants (see acknowledgements). | 

For the Nevada portion of the California 
Floristic Province (Fig. 1; the western slope of 
the Carson Range and the eastern T'ahoe Basin, as 
far east as U.S. Route 395 and Nevada State 
Route 88) we used a hybrid approach based on 
known affinities of the region with adjacent 
portions of California. This area is very small in 
terms of land area, and shares its flora with 
adjacent portions of California (Graf 1999, Smith 
1973, Smith 1984); taxa found in this region are 
likely to be present in the California portion of the 
Sierra Nevada, or California’s Great Basin prov- 
ince (Baldwin et al. 2012; Fig. 1), and are therefore 
automatically included in our tabulation of CFP 
diversity and endemism. To confirm this idea, we 
examined the work of Smith (1973, 1984) to 
identify potential endemics of this region, or plants 
that extend into the CFP. only in this area. 
Furthermore, we used the Intermountain Re- 
gional Herbarium Network (IRHN; 2014) to 
obtain data for herbarium specimens collected in 
the Nevada portion of the CFP. Data from the 
IRHN amounted to 881 specimens, representing 
357 native MRT. Following reconciliation of the 
list with names used in California, we were able 
to confirm that this list does not contain any 
new MRT for the portion of the CFP found in 
Nevada. Furthermore, no additional taxa were 
identified from Smith (1973, 1984). Nonetheless, it 
is important to note that some CFP endemic MRT 
have small parts of their geographic distribution 
in Nevada (e.g., Boechera repanda [S. Watson] 
Al-Shehbaz). Distributions of these MRT were 
examined individually. 

Preliminary lists of MRT for the California, 
Oregon, and Baja California portions of the 
California Floristic Province were reconciled as 
closely as possible using an automated lookup 
function in R (R Project 2015), which attempted to 
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match each California MRT with MRT from the 
Oregon and Baja California lists. Using this 
reconciled list as a starting point, we then in- 
dividually examined each MRT. Plant endemic 
status for each of the regions of analysis (Cali- 
fornia, Oregon, and Baja California portions of 
the CFP), as well as in the CFP as a whole, was 
evaluated using several sources of data. For MRT 
found in California, we used individual Jepson 
eFlora treatments, most of which contain in- 
formation on the geographic distribution of MRT 
outside of California. When information in the 
eFlora was insufficient, we consulted the Consor- 
tium of California Herbaria (2015), the Southwest 
Environmental Information Network (2015), the 
Oregon Flora Project (2015), the Consortium of 
Pacific Northwest Herbaria (2015), and treat- 
ments from the Flora of North America (Flora of 
North America Editorial Committee 2015). When 
considering the Consortium of California Her- 
baria, we generally ignored *yellow flag" records, 
specimens that are geo-referenced outside the 
Jepson geographic units listed in the treatment of 
the taxon. For some especially difficult problems, 
such as taxa with a high amount of taxonomic 
flux (changes in circumscription from the first 
to the second edition of the Jepson Manual), 
we consulted with experts on particular taxa 
(see acknowledgements). 

For all plants with at least part of their 
geographic range in the state of California, we 
defer to the circumscription, nomenclature, and 
authorities used in the Jepson Manual (Baldwin et 
al. 2012). Although most consequences of this 
method are intuitive, one result that deserves some 
clarification is the case of infraspecific rankings 
that conflict between the Jepson eFlora and the 
lists used for Baja California and Oregon. In some 
cases, infraspecific ranks are used for a given taxon 
in one source, but not the other. When infraspe- 
cific ranks for a given species are not used in 
Californa, we apply the same to the entire 
geographic distribution of the species, even if 
a given infraspecific taxon is not found in 
California. For example, we do not recognize 
Rhus integrifolia (Nutt.) Rothr. var. cedrosensis 
F.A.Barkley, endemic to Cedros Island in Baja 
California, because varieties of Rhus integrifolia 
are not recognized in the Jepson eFlora. 

Our list makes use of several sources for 
authorities. For MRT found at least partly in 
the California portion of the CFP, we used the 
authorities provided by the Index to California 
Plant Names (ICPN; Rosatti 2015). In cases 
where the authority for a given taxon was present 
among the list of authors in the ICPN, we used 
the name from the ICPN, even if the plant was 
not found in California. We did this to avoid the 
unpalatable situation of using two different 
names for the same author in a single list. For 
vascular plant MRT that were described by 
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authors who never worked in California, and 
are thus not represented in the ICPN, we used 
multiple sources for authorities. For MRT not 
found in California, but found at least partly in 
Oregon, we used “accepted” OFP names, which 
use authorities from Brummitt and Powell (1992). 
For MRT not found in California, but found at 
least partly in Baja California, we used author- 
ities from the checklists prepared by O’Brien et al. 
(in press), O’Brien and Rebman (in press), and 
J. Rebman (unpublished data). 

For vascular plants, no additional changes to 
our list were made after December 8, 2015. The 
complete list of vascular plant MRT, containing 
names as well as data on presence and endemic 
status for each MRT within each of the analysis 
regions—including the six major CFP regions of 
California defined by the Jepson eFlora (Jepson 
Flora Project 2015) and the portions of the CFP 
found in Oregon and Baja California—was 
deposited at the Dryad Digital Repository: 
http://dx.doi.org/10.5061/dryad.d4g4n. 


Bryophytes 


The California Moss eFlora (2014) was used to 
obtain a list of mosses for the state of California. 
The California Moss eFlora (2014) summarizes 
the work of Norris and Shevock (2004a, 2004b) 
and Malcolm et al. (2009), with periodic updates 
by the editors dealing with newly described taxa, 
relevant new records for the state, and taxonomic 
changes. To encompass the whole of the 
bryoflora, the list of mosses from the California 
Moss eFlora (2014) was supplemented with 
information from the literature on liverworts 
and hornworts of western North America 
(this work completed by J. Shevock). Lists of 
California liverworts and hornworts were pro- 
vided by Doyle and Stotler (2006), supplemented 
with new information from herbarium records. 
Geographic distributions of California bryophyte 
species’ were” interpreted "by" T. “Shevock “to 
determine native and endemic status in the CFP 
portion of the state. This list was supplemented 
by examination of herbarium specimens, perusal 
of published bryofloras and checklists, and 
consultation with bryologists engaged in inven- 
tory efforts in the CFP. 

It should be noted that the bryoflora of 
California is still in the basic inventory phase, 
and there are vast areas of the state that lack 
herbarium representation. New bryophytes for the 
CFP and adjacent regions are being discovered 
each year, including taxa new to science, and only 
a few sub-regions of California have published 
bryophyte checklists (e.g., Toren 1977; Shevock 
and Toren 2001; Kellman 2003). These differ- 
ences mean that knowledge of the CFP bryoflora 
is less detailed and refined compared to the 
vascular flora, with implications for our results. 
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The issue of native versus naturalized is more 
speculative in bryophytes compared to vascular 
plants. This stems from the well-known tendency 
for bryophytes to have disjunct geographic 
distributions, with occurrences frequently sepa- 
rated by hundreds or even thousands of kilometers 
(Sharp et al. 1993; Flora of North America 
Editorial Committee 2007, 2014). Most disjunct 
bryophyte populations are viewed as relictual, the 
plants having been gradually confined to isolated 
microhabitats due to long-term geoclimatic 
change. Although some apparent disjunctions 
may represent human introductions, bryophyte 
introductions are few and isolated, especially in 
comparison to vascular plants (Essl et al. 2014). 
Some of the best-known disjunct bryophytes 
found in California are shared with other regions 
of the world with a Mediterranean-type climate, 
especially the bryoflora of Spain and Portugal 
(Shaw et al. 2003). While it may be impossible to 
determine whether these are naturalized introduc- 
tions or were present in California before the 
arrival of Europeans, some taxa, such as lawn 
weeds, can be assumed to be introduced. However, 
there are a limited number of herbarium records 
for bryophytes collected in the CFP prior to the 
1970s, and many areas of the CFP remain poorly 
known bryologically, preventing inference of 
native versus introduced status on the basis of 
herbarium records alone. In general, however, it is 
thought that only a small portion of the California 
and CFP bryoflora consists of introduced species. 
Considering that so few bryophytes can be 
conclusively classified as European introductions 
to the CFP, we were able to apply only limited 
measures to exclude potential non-native taxa 
from our lists. Here, we only exclude those species 
that are well known introductions (Shevock and 
Toren 2001). 

The complete list of bryophyte taxa was 
reconciled with recent changes in classification 
and nomenclature. As in the vascular plants, we 
sought to obtain an accurate name for each 
validly published taxon concept. These were 
obtained from Tropicos (2014) and the two 
volumes of Flora of North America containing 
bryophytes (Flora of North America Editorial 
Committee 2007, 2014). Authorities follow 
Brummitt and Powell (1992). 

No additional changes to our bryophyte list 
were made after August 31, 2015. The complete list 
of bryophytes, containing names, as well as data 
on presence and endemic status for each taxon 
within the same CFP regions used for the vascular 
plants, was deposited at the Dryad Digital Re- 
pository: http://dx.doi.org/10.5061/dryad.d4g4n. 


UPGMA Trees for Region Relationships 


To visualize relationships among geographic 
regions of our analysis (Fig. 1; Table 2), we used 
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presence-absence data to construct UPGMA 
trees summarizing similarity of regional floras. 
We used the eight regions for which our summary 
statistics were calculated (Tables 1 and 2). Trees 
were constructed in R v.3.2 (R Development 
Core Team 2015), using the vegan package 
(Oksanen et al. 2015). All analyses were done at 
the species level, as preliminary results were 
substantially similar for species- versus MRT- 
based distance matrices. A Jaccard similarity 
matrix was constructed at each of four levels of 
analysis, 1) all native vascular plants, 2) all native 
bryophytes, and 3) CFP endemic vascular plants, 
and 4) CFP endemic bryophytes. The similarity 
matrices were then used to construct UPGMA 
trees visualizing relationships. 


RESULTS 


To assist researchers with different interests, we 
present our results at three different levels: 1) 
vascular plants only, 2) bryophytes only, and 3) 
the whole land plant flora (vascular plants and 
bryophytes). To facilitate comparison among 
different studies, we calculated summary statistics 
at both the species- and MRT-level. Although we 
believe that the MRT-level list is the most 
biologically meaningful, the species-level list and 
statistics will allow for easy comparison to studies 
that are conducted at the species level. Raw data 
were deposited at the Dryad Digital Repository: 
http://dx.doi.org/10.5061/dryad.d4g4n. 


Vascular Plants 


Species-level richness and endemism. A total of 
1,846 vascular plant species were classified as 
CFP endemics out of 5,006 total species native 
to the region, yielding an estimate of 36.990 
endemism (Table 1). The Oregon and Baja CFP 
add 13 and 136 CFP endemic species, respectively, 
not found in the California part of the CFP 
(Table 1; Appendix 1). | 

At a regional scale, species richness is greatest 
in the SN (2,604 species), followed closely by the 
NW and SW (Table 1; Fig. 2). Richness is lowest 
in the GV (1,064 species). The CW supports the 
largest number of CFP endemics (740 species), 
although the SW, NW, and SN all support more 
than 650 CFP endemic species. The lowest 
number of CFP endemic species is found in the 
Oregon CFP (179). A large proportion of CFP 
endemic species are restricted to just one of the 
eight regions of our analysis (848 species; 45.9%; 
Table 1). The SN supports the largest number of 
single region endemics (209 species), though 
comparable levels are seen in the SW, CW, and 
NW. The smallest number of single region 
endemics is in the CaR (8 species). 

Adjusting for area, the greatest species richness 
is in the Oregon CFP (112.1 species/1,000 km^?); 


TABLE 1. Plant endemism and diversity in the CFP. Names for Regions of the California CFP are abbreviated; see Materials and Methods or Appendix 1. * Regions of 
the CFP (see Figs. 1, 2). “Number of native plant taxa of a particular category found in a given region, followed (in parentheses) by number per 1000 square km. 


Species level Minimum rank taxon level 
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Region? Area (km?) Natives? CFP endemism? Regional endemism” Natives? CFP endemismP Regional endemism” 
Vascular plants 
Entife CFP 312261 5006 (16.0) 1846 (5.9) 848 (2.7 6143 (19.7 2612 (8.40) 1280 (4.10) 
Oregon CFP 13500 1514 (112.1) 179 (13.3) 1632 (120.9) 228 (16.9) 17 (1.26) 17 (1.26) 
California CFP 272435 4558 (16.7) 1697 (6.2) 697 (2.6) 5612 (20.6) 2431 (8.90) 1095 (4.02) 
NW 56790 2426 (42.7) 649 (11.4) | 2747 (48.4) $67 (15.3) 203 (3.57) EE 
CaR 19194 1639 (85.4) 265 (13.8) 1773 (92.4) 325. (17.1) 13 (0.68) 13 (0.68) 
SN 65531 2604 (39.7) 658 (10.0) 2955 (45.1) 858 (13.1) 299 (4.56) 299 (4.56) 
GV 57782 1064 (18.4) 280 (4.8) 1139 (19.7) 351 46.1) 38 (0.66) 38 (0.66) 
CW 36914 1979 (53.6) 740 (20.0) 2282. (Gl 20 1022 (277) 284 (7.69) 284 (7.69) 
SW 36224 2219 (61.3) 683 (18.9) 2563 (70.8) 963 (26.6) 268 (7.12) 257 (7.09) 
Baja CFP 26326 1585 (60.2) 443 (16.8) 136 (5.2) 1723 (65.4) 548 (20.80) 164 (6.23) 
Bryophytes 
Entire CFP 312261 Ka 37 (0.1) 16 (0.1) 784 (2.5) 370.10) 16 (0.05) 
Oregon CFP 13500 425 (31.5) 4 (0.3) 428 (31.7) 4 (0.3) 1 (0.07) 1 (0.07) 
California CFP 272435 773 (2.8) 36 (0.1) I5 1) 779 (2.9) 36 (0.10) 15 (0.06) 
NW 56790 544 (9.6) 15 (0.3) 548 (9.6) 15 (0.3) 1 (0.02) 1 (0.02) 
CaR 19194 373 (19.4) 6 (0.3) 375 (19.5) 6 (0.3) 2 (0.10) 2 (0.10) 
SN 65531 495 (7.6) 12 (0.2) 498 (7.6) . 1230.25 1 (0.02) 1 (0.02) 
GV 877580. 60 (1.0) 4«(0.1) 60 (1.0) 4 (0.1) ] (0.02) 1 (0.02) 
CW 36914 382 (10.3) 250: 7 383 (10.4) 25 (0.7) 8 (0.22) 8 (0.22) 
SW 36224 232 (6.4) 14 (0.4) 232 (6.4) 14 (0.4) 2 (0.06) 2 (0.06) 
Baja CFP 26326 101 (3.8) 4 (0.2) 0 (0) 101 (3.8) 4 (0.20) 0 (0) 
All land plants 
Biitire:CFP 312261 5784 (18.5) 1883 (6.0) 864 (2.8) 6927 (22.2) 2649 (8.50) 1296 (4.15) 
Oregon CFP 13500 1939 (143.6) 188. (13:36) 2060 (152.6) 23220] 729) 18 (1.33) 18 (1.33) 
California CFP 272435 5331 (19.6) 1733 (6.4) A226) 6391 (23.5) 2467 (9.10) 1110 (4.07) 
NW 56790 2970 (52.3) 664 (11.7) 3295 (58.0) 882 (15.5) 204 (3.59) 204 (3.59) 
CaR 19194 2012 (104.8) 271 (14.1) 2148 (111.9) 334 (17.4) 15 (0.78) 15 (0.78) 
SN 65531 3099 (47.3) 670 (10.2) 3453 (52.7) E (Ú 5) 300 (4.58) 300 (4.58) 
GV 57782 1124 (19.5) 284 (4.9) 1199 (20.8) 9551(6.1) 39 (0.67) 39 (0.67) 
CW 36914 2361 (64.0) 765 (20.7) 2655 (71.9) 1047 (28.4) ` 292 (7.91) 292 (7.91) 
SW 36224 2451 (67.7) 697 (19.2) 2795" (77.2) 977 (27.0) 260 (7.18) 259 (7.15) 
Baja CFP 26326 1686 (64.0) 447 (17.0) 136 (5:2) 1824 (69.3) 552 (21.00) 164 (6.23) 
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TABLE 2. Regional similarity matrices for the CFP at the species level. First value is the number of native species 
that are shared between the two regions; this is followed (in parentheses) by the percentage that is shared, which is 
the number of shared species divided by the total number of species found in the two regions. Names for Regions of 
the California CFP are abbreviated; see Materials and Methods or Appendix 1. 


Region Oregon CFP NW CaR SN GV CW SW 

Vascular plants 

NW 1395 (3590) 

CaR 968 (44%) 1343 (49%) 

SN 1044 (34%) 1568 (45%) 1430 (51%) 

GV 409 (19%) 722 (26%) 557 (26%) 816 (29%) 

CW 782 (29%) 1313 (42%) 789 (28%) 1184 (35%) 856 (39%) 

SW 663 (22%) 1064 (30%) 808 (26%) 1301 (37%) 761 (30%) 1290 (44%) 

Baja CFP 346 (13%) 573 (17%) 417 (15%) 660 (19%) 495 (23%) 754 (27%) 1159 (44%) 
Bryophytes 

NW 370 (62%) 

CaR 270 (51%) 316 (53%) 

SN 310 (SHE) _ 311.010) 207 (95009 

GV 34 (8%) STT) 29 (1%) 43 (8%) | 

CW 242 (43%) 285 (44%) 198 (36%) 250 (40%) 47 (12%) 

SW 146 (2970) 164 (27%) 134 (282) 177 (32%) 35 (142) 175 (40%) 

Baja CFP 70 (15%) 82 (15%) 64(16%)  85(172) 19 (1390) 82(20%) 82 (33%) 
Land Plants 

NW 1765 (56%) 

CaR 1238 (46%) 1659 (50%) 

SN 1354 (37%) 1945.(47%) 1737 (51%) 

GV 443 (17%) 759 (23%) 586 (23%) 859 (26%) 

CW 1024 (31%) 1598 (43%) 987 (29%) 1434 (36%) 903 (35%) 

SW 809 (23%) 1228 (29%) 942 (27%) 1478 (36%) 796 (29%) 1465 (44%) 

Baja CFP 416 (13%) 655 (1690) 481 (15%) 745 (18%) 514 (2290) 836 (26%) 1241 (43%) 


lowest richness per unit area is found in the GV 
(18.4 species/1,000 km”; Table 1; Fig. 2). The 
number of CFP endemics per unit area 1s highest 
in the CW (20.0 species/1,000 km”), though the 
level 1s nearly the same as in the SW; the lowest 
level is in the GV (4.8 species/1,000 km”; Table 1; 
Fig. 2). The number of one-region endemics per 
unit area is highest in the Baja CFP (5.2 species/ 
1,000 km^?); the lowest levels are in the CaR and 
GV (0.42 and 0.45 species/1,000 km, respectively; 
Table 1; Fig. 2). 

Although a large number of CFP native plants 
are found in just one of the eight regions of 
analysis, the remainder are shared among at least 
two regions, allowing for comparison of the 
strength of connections among regions (Table 2). 
The strongest connection is between the NW and 
the Oregon CFP (1,395. species shared; 55%); 
the weakest connection is between the Oregon 
CFP and the Baja CFP (346 species shared; 13%; 
Table 2). UPGMA trees for the eight regions of 
our analysis corroborate these findings, revealing 
the strength of connections among regions in 
terms of native vascular plant species diversity 
(Fig. 3A) and CFP endemic diversity (Fig. 3B). 
For all native species diversity, two major groups 
are identified, one composed of more northern 
regions (Oregon CFP, NW, CaR, and SN) and 
the other ef more southern regions (CW, GV, 
SW, and Baja CFP). Within the northern group, 
the Oregon CFP end the NW have a close 
connection, as do Che Ca and the SN. In the 


southern region, the Baja CFP and the SW are 
closely connected, as are the CW and the GV. 
In terms of CFP endemic diversity (Fig. 3B), 
patterns of sharing differ from the patterns seen at 
the level of all native species, with two major 
groups being formed, the first one composed of 
just the SW and the Baja CFP, and the second 
one composed of all other regions. Within the 
larger group, strongest relationships are between 
the NW and the CW, and between the SN and 
the CaR. 


MRT-level richness and endemism. A total of 
2,612 vascular plant MRT were classified as CFP 
endemics out of 6,143 natives, yielding an estimate 
of 42.5% endemism (Table 1). The Oregon and 
Baja CFP add 17 and 164 CFP endemic MRT, 
respectively, not found in the California part of 
the CFP (Table 1; Appendix 1). 

As with species, MRT richness is greatest in the 
SN (2,955 MRT)—followed closely by the NW, 
SW, and CW (Table 1; fig, 2)—and lowest in the 
GV (1,139 MRT). The CW supports the largest 
number of CFP endemics (1,022 MRT), although 
the SW, NW, and SN all support more than 850. 
The lowest number of CFP endemic MRT is found 
in the Oregon CFP (228). A large proportion of 
CFP endemic MRT are restricted to just one of the 
eight regions of our analysis (1,280 MRT; 42.5%; 
Table 1). The SN supports the largest number of 
single region endemic MRT (299), though three 
other regions (NW, CW, and SW) each support 
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FIG. 2. Visual summary of land plant species richness and endemism in eight regions of the CFP. A, number of 
native vascular plant species; B, number of CFP-endemic vascular plant species; C, number of regionally-endemic 
vascular plant species; D, number of native vascular plant species per 1,000 km”; E, number of CFP-endemic 
vascular plant species per 1,000 km?; F, number of regionally-endemic vascular plant species per 1,000 km”. See 
materials and methods, or Appendix 1, for regional abbreviations. 
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UPGMA trees for area relationships based on species sharing. Branch lengths are Jaccard distance, 


proportional to the amount of sharing. A, native vascular plants; B, CFP-endemic vascular plants; C, native 
bryophytes; D, endemic bryophytes. See materials and methods, or appendices, for regional abbreviations. 


more than 200 endemic MRT. The lowest level of 
single region MRT endemism is found in the 
CaR (13 MRT). 

Adjusting for area, the greatest MRT richness 
is in the Oregon CFP (120.9 MRT/1,000 km”); 
lowest richness per unit area 1s found in the GV 
(19.7 MRT/I1:0G68 kw: Table 1; Fig. 2) The 
number of CFP endemics per unit area 1s highest 
in the CW (27.7 MRT/1,000 km”), though the 
level is nearly the same as in the SW; the lowest 
level is in the GV (6.1 MRT/1,000 km”; Table 1; 
Fig. 2). The number of one-region endemics per 
unit area is highest in the SW (7.7 MRT/1,000 
km?); the lowest levels are in the GV and CaR 
(0.66 and 0.68 MRT/1,000 km’, respectively; 
Table 1; Fig. 2). 


Bryophytes 


Species-level richness and endemism. Using our 
complete list, 37 bryophyte species were classified 
as CFP endemics out of 778 total natives, yielding 
an estimate of 4.8% endemism (Table 1). The 
Oregon CFP contributes one CFP endemic 
species not found in the California CFP (Scou- 
leria siskiyouensis Shevock & D.H. Norris; 
Table 1; Appendix 2); the Baja CFP does not 


support any CFP endemics that are not also 
found in the California CFP (Table 1). 
Bryophyte species richness is greatest in the 
NW (544 species)—followed closely by the SN, 
Oregon CFP, and the CW (Table 1)—and lowest 
in the GV (60 species). The CW supports the 
largest number of CFP endemics (25 species), 
although the NW, SN, and SW all support more 
than 10. The lowest number of CFP endemic 
species is found in the GV, the Oregon CFP, and 
the Baja CFP, each of which support just four 
CFP endemic species. As with the vascular plants, 
a large proportion of CFP endemic bryophyte 
species are restricted to just one of the eight 
regions of our analysis (16 MRT; Table 1). The 
CW supports the largest number of one-region 
endemic species (8), the next closest regions (CaR 
and SW) having just two each. As mentioned 
above, the lowest level of single region species 
endemism is found in the Baja CFP, which does 
not support any endemic species of bryophyte. 
Adjusting for area, the greatest species richness 
is in the Oregon CFP (31.5 species/1,000. km’); 
lowest richness per unit area is found in the GV 
(1.0. speciést1,000. kan’; "Dale; Fig. 2). The 
number of CFP endemics per unit area 1s highest 
in the CW (0.7 species/1,000 km?); the lowest 
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level is in the GV (0.1 species/1,000 km”; Table 1; 
Fig. 2). The number of one-region endemics 
per unit area is highest in the CW (0.2 species/ 
1,000 km”); the lowest level is in the Baja CFP, 
which does not support any endemic bryophyte 
species (Table 1; Fig. 2). 

Although most CFP native bryophyte species 
are found in just one of the eight regions of our 
analysis (Table 1), the remainder are shared 
among at least two regions, allowing for com- 
parison of the strength of connections among 
Deiere (Table 2). The strongest connection "s 
between the NW and the Oregon CFP (370 
species shared; 62%). The weakest connection is 
between the GV and CaR, which share just 29 
species (7%). UPGMA trees for the eight regions 
of our analysis (Fig. 3) corroborate these find- 
ings, revealing the strength of connections among 
regions in terms of native bryophyte species 
diversity (Fig. 3C) and CFP endemic diversity 
(Fig. 3D). For all native species diversity, two 
major groups are identified, one composed of 
more northern regions (Oregon CFP, NW, CaR, 
SN, and CW) and the other of more southern 
regions (SW and Baja CFP). Within the northern 
group, the Oregon CFP and the NW have a close 
connection, as do the CaR and the SN. In terms 
of CFP endemic diversity (Fig. 3D), patterns of 
sharing differ from the patterns seen at the level 
of all native species, with two major groups 
iélentified, one composed of more northern 
regions (Oregon CFP, NW, CaR, and SN) and 
the other of more southern regions (CW, GV, 
SW, and Baja CFP). Within the northern group, 
the strongest relationship is between the NW and 
the SN; in the southern region, the strongest 
connection is between the CW and SW. 


MRT-level richness and endemism. Using our 
complete list, 37 bryophyte MRT were classified 
as CFP endemics out of 784 total CFP natives, 
yielding an estimate of 4.7% endemism (Table 1). 
ithe Oregon CFP centributes one CFP endemic 
MRT not found in the California CFP (Scouleria 
siskiyouensis; Table 1; Appendix 2); the Baja 
CFP does not support any CFP endemics that 
are not also found in the California CFP 
(Balle 1). 

Bryophyte MRT richness is greatest in the NW 
(548 MRT)—followed closely by the SN, the 
Oregon CFP, and the CW (Table 1)—and lowest 
in the GV (60 MRT). The CW supports the 
largest number of CFP endemics (25 MRT), 
although the NW, SN, and SW all support more 
than ten. Statistics for single region MRT 
endemism in bryophytes are identical to those 
at the species level (see above; Table 1). 

Adjusting for area, the greatest MRT richness 
is in the Oregon CFP (31.7 MRT/1,000 km”); 
lowest richness per unit area is found in the GV 
kO MRT/1,000 tam’; "Fable 1; #ig.2). The 
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number of CFP endemics per unit area is highest 
in the CW (0.7 MRT/1,000 km?) the lowest level 
is in the GV (0.1 MRT/1,000 km’; Table 1; 
Fig. 2). The number of one-region endemics per 
unit area is highest in the CW (0.2 MRT/ 
1,000 km”); the lowest level is in the Baja CFP, 
which does not support any endemic bryophyte 
MRT (Table 1; Fig. 2). 


Whole Flora 


Species-level richness and endemism. A total of 
1,883 land plant species were classified as CFP 
endemics out of 5,784 natives total, yielding an 
estimate of 32.6% endemism (Table 1). The 
Oregon and Baja CFP add 14 and 136 CFP 
endemic species, respectively, not found in the 
California CFP (Table 1; Appendix 1). 

At a regional scale, land plant species richness 
is greatest in the SN (3,099: species), followed 
closely by the NW and SW (Table 1; Fig. 2). 
Richness is lowest in the GV (1,124 species). The 
CW supports tie largest ñumñber ofr CPP 
endemics (765 species), although the NW, SN, 
and SW all support more than 660 species. The 
lowest number of CFP endemic species is found 
in the Oregon CFP (183 species). As with the 
vascular plants alone, a large proportion of CFP 
endemic land plants are restricted to just one of 
the eight regions of our analysis (864 MRT; 
45.9%; Table 1). The SN supports the largest 
number of single region endemics (210 species); 
the smallest number is found in the CaR (10 
species). 

Adjusting for area, the greatest species richness 
is in the Oregon CFP (143.6 species/1,000 km”); 
lowest richness per unit area 1s found in the GV 
(19.5 species/1,080 lem”: Table 1; Fig 2). The 
number of CFP endemics per unit area 1s highest 
in the CW (28.4 species/1,000 km”), though the 
level is nearly the same as in the SW (Table 1); 
the lowest level 18 in the GV (6.1 species 
1,000 km?; Table 1; Fig. 2). The number of one- 
region endemics per unit area is highest in the 
CW (7.9 species/1,000 km); the lowest levels 
are in the GV and CaR (0.67 and 0.78 species/ 
1,000 km”, respectively; Table 1; Fig. 2). 

Although a large proportion of CFP endemic 
land plant species are found in just one of the 
eight regions, the remainder are shared among at 
least two regions, allowing for comparison of the 
strength of connections among regions (Table 2; 
Fig. 3). The strongest connection is between the 
NW and the Oregon CFP (1,765 species shared; 
56%); the weakest connection is between the 
Oregon CFP and the Baja CFP (416 species 
shared; 13%; Fig. 3). 


MRT-level richness and endemism. A total of 
2,649 land plant MRT were classified as CFP 
endemics out of 6,927 natives, yielding an 


14 MADRONO 


estimate of 38.2% endemism (Table 1). The 
Oregon and Baja California parts of the CFP 
add 18 and 164 CFP endemic MRT, respectively, 
that are not found in the California part of the 
CFP (Table 1; Appendix Ð. A complete elec- 
tronic version of our data for MRT is available at 
the Dryad Digital Repository: http://dx.doi.org/ 
10.5061/dryad.d4g4n. 

Land plant MRT richness 1s greatest in the SN 
(3,453 MRT )— followed closely by the NW, SW, 
and CW (Table 1; Fig, 2)—and lowest in the GV 
(1,199 MRT). The CW supports the largest 
number of CFP endemics (1,047 MRT), although 
the SW, NW, and SN all support more than 
860; the smallest number of CFP endemics is 
found in the Oregon CFP (232 MRT). A large 
proportion of CFP endemic land plant MRT are 
restricted to just one of the eight regions of our 
analysis (1,296 MRT; 48.9%; Table 1). The SN 
supports the largest number of single region 
endemics (300 MRT); the smallest number of 
single region endemics is in the CaR (15 MRT). 

Adjusting for area, the greatest MRT richness 
is in the Oregon CFP (152.6 MRT/1,000 km”); 
lowest richness per unit area is found in the GV 
(20.8. MR 1/1,000 ker: Table I; Fig. 2). "The 
number of CFP endemics per unit area is highest 
in the CW (28.4 MRT/1,000 km”), though the 
level is nearly the same as in the SW; the lowest 
level is in the GV (6.1 MRT/1,000 km’; Table 1; 
Fig. 2). The number of .ome-region endemics 
per unit area is highest in the CW (7.9 MRT/ 
1,000 km”); the lowest levels are in the GV and 
CaR (0.67 and 0.78 MRT/1,000 km", respectively; 
Table 1; Fig. 2) 


DISCUSSION 


Methodological Issues 


We believe that the approach we used to 
compile our list of MRT and determine endemic 
status in the CFP represents a good solution to 
the problem under the circumstances. Without 
a complete floristic appraisal of the CFP, a project 
on a scale nearly equal to the Jepson eFlora 
(Jepson Flora Project 2015), it will be difficult to 
link the several regions of this biotic province, 
especially in terms of taxon concept, which we 
define as including both the correct name for 
MRI (the type specimena and the correctly 
spelled, validly published name that it carries), 
and a group of plant populations or individuals 
that the name encompasses. This problem is 
linked to differences in taxonomic hypotheses 
among authors of flora treatments, descriptions, 
and revisions. Ultimately, these different hypoth- 
eses are due to the long-standing problem of 
objectively defining MRT (Clausen Keck and 
Hiesey 1939, Rieseberg and Brouillet 1994, De 
Queiroz 2007). In presenting our results, we are 
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eager to point out these biological, methodolog- 
ical, and philosophical issues, which apply to the 
work of every taxonomist, and eventually affect 
the work of other scientists from diverse dis- 
ciplines. Although our research is the first 
attempt at a list of the native and endemic plants 
of the CFP, it is not intended to be a final list, 
or to serve as a formal checklist for the CFP. 
Our list is simply a point of departure, meant 
to motivate research that will refine scientific 
understanding of the CFP and the plants that 
define it. 

A second potential point of contention 1s the 
restrictiveness of our work. In excluding all plants 
with even a single verified occurrence outside the 
CFP, our list of CFP endemics takes a restrictive 
approach that aims to identify only those taxa 
that are totally endemic to the CFP, and exclude 
any taxa with populations found outside the 
CFP. Unfortunately, this approach draws atten- 
tion away from the large number of taxa that are 
near-endemics, with just a few occurrences out- 
side the “CFP. Am alternative, less restrictive 
approach would be to apply thresholds of 
endemism based on occurrence data, thus allow- 
ing each native taxon to have a quantitative 
endemic status rather than a categorical one. In 
a study that roughly parallels ours, D. W. Taylor 
(Aptos, California, personal communication) 
compiled a list of CFP-associated taxa, and 
found that as much as 60% of the native vascular 
flora (MRT level) could be considered endemic to 
the region if up to 5% of the known herbarium 
records were allowed to fall outside of the CFP 
(D. W. Taylor, unpublished data). A related 
approach, which was implemented by O’Brien 
et al. (in press) and O’Brien and Rebman 
(in press) in their work on the Baja California 
flora, is to assign a categorical level of endemism to 
each taxon, depending on its fidelity to the CFP. 
This is still a restrictive approach, but one that 
results in a more nuanced picture of regional 
diversity. 

Approaches like these have great merit, and 
it is to be hoped that with the increasing amounts 
of curated herbarium data available online, and 
completion of more comprehensive flora projects 
like the Flora of North America, future studies 
will improve our perspective on CFP endemism. 
Less restrictive approaches are especially desir- 
able for conservation planning, for example. 

A third issue with our work relates to spatial 
grain. The work of Thorne et al. (2009) estimated 
geographic range size for 2,070 California- 
endemic MRT using herbarium and flora 
(Hickman: et al. 1993) data. This approach 
determined that over 60% of California-endemic 
species have range sizes of less than 10,000 km’, 
consistent with highly localized endemism for 
most of California’s endemic taxa. This suggests 
that much stands to be gained in terms of our 
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understanding of endemism in the CFP region 
if researchers use a finer spatial grain than the 
one we used. It is to be hoped that future research 
will build’ upon the results presented here using 
more spatially explicit location data for native 
plants — ideally from the reservoir of herbarium 
data that has recently become available through 
online databases — to analyze patterns of 
diversity and endemism in the CFP at finer 
spatial scales. 

A final important methodological caveat is the 
problem of defining biotic regions. The region 
that we defined as the CFP (ke D offers an 
improvement over past delineations as it is 
a three-way hybrid among modern definitions 
created for each of the three major regions of 
analysis: California, Oregon, and Baja California. 
These definitions are built on improved geo- 
graphic, climatic, and biological data, leading to 
more objective definitions of the overall CFP 
region. On the other hand, a priori definitions of 
biotic regions are inherently subjective (Koch and 
Jetz 2010), and it is to be hoped that future 
research will pursue a naive approach to defining 
the CEP, based. entirely om geographic data 
obtained from herbarium specimens or observa- 
tions. This approach would allow plant distribu- 
tions themselves to determine the regions that 
support unique assemblages of taxa. Such an 
approach would be especially valuable in dealing 
with the many taxa that extend just beyond the 
border of the CFP as we have defined it, for 
example to the north of the CFP in the Umpqua 
Valley of Oregon, or to the southeast in the 
Desert Mountains of California. An analysis of 
this kind would lead to improved understanding 
of plant diversity in western North America, 
without the need for distracting prior definitions. 


Patterns of Diversity and Endemism in the CFP 


Our work is the first assessment of CFP 
diversity and endemism since the monumental 
treatise of Raven and Axelrod (1978), and the 
first to present a list of vascular plant MRT 
native to the region. Subsequent to Raven and 
Axelrod (1978), nearly all analyses of plant 
diversity and endemism in the CFP region have 
focused on political units, particularly the state of 
California, rather than on biotic regions (Bar- 
bour and Major 1988; Riemann and Ezcurra 
2005, 2007; Loarie et al. 2008; Kraft et al. 2010; 
Rundel 2011, Anacker and Harrison 2012a, 
pol2b:; Joppa -et ak 2018). The goal of our 
research was to bring the focus back onto the 
CFP, a globally significant region of plant 
diversity and endemism that should be studied 
as a unit, despite the large number of taxa that 
cross political boundaries as members of the 
Mora. Our study is also the first to feature 
bryophytes of the CFP, comparing the diversity 
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and endemism of these interesting and ecologically 
significant plants to that of the more avidly 
studied vascular plants. We are optimistic that 
our effort with bryophytes will raise the profile 
of these frequently ignored plants in studies of 
western North American plant diversity. 

Below, we discuss our findings in the context of 
the species-level results, as we consider this to 
be the most conservative level of our analysis, 
and the most straight forward to compare, as the 
taxa are all at the same rank. Overall, MRT-level 
analyses yield higher estimates of richness and 
endemism (Table 1), which is to be expected 
given the small geographic ranges of many 
infraspecific taxa (Thorne et al. 2009). However, 
we expect that future analyses of richness and 
endemism in the CFP will benefit from analyzing 
MRT that we have recovered as CFP natives, 
because infraspecific taxa provide a finer spatial 
grain, encompassing important variation across 
the sometimes large geographic ranges of the 
species that they comprise. 

Of the eight regions that we considered in our 
analysis (Figs. 1, 2), the most species rich is the 
Sierra Nevada (SN). This Region supports 3,099 
land plant species, 53.6% of the entire native flora 
of the CPP. However, comparable levels “of 
richness are found in NW, CW, and SW, 
representing more than 40% the native flora in 
each case. These regions also support large 
numbers of CFP endemic species (Table 1), and 
are foci of regional endemism, with a combined 
536 single region endemics among them (Fig. 2; 
Table 1). These results are consistent with past 
studies, which emphasized the botanical signifi- 
cance of northwestern California, usually in 
combination with the Oregon CFP (Whittaker 
1960, 1961; Harrison and Grace 2007), as well as 
the central coast of California and the Sierra 
Nevada (Stebbins and Major 1965; Raven and 
Axelrod 1978; Richerson and Lum 1980; Rundel 
2011). Recent fine-scale analyses on the spatial 
distribution of plant diversity in California also 
support northwestern “California: the Sierra 
Nevada and the Coast Ranges of California as 
major areas of native plant richness, while 
emphasizing the latter two regions as the most 
important areas of endemism (Thorne et al. 2009; 
Kraft et al. 2010). However, when considering the 
number of species per unit area, the Oregon CFP 
and the CaR have the highest richness per unit 
area (143.6 and 104.8 species/1,000 km”, re- 
spectively; Table 1; Fig. 2). In addition, the CW 
and SW emerge with the highest number of CFP 
endemic species per unit area (20.7 and 19.2 
species/1,000 km”, respectively; Table 1; Fig. 2), 
and the Baja CFP emerges with the highest 
richness in terms of one-region endemics (5.2 
species/1,000 km”; Table 1; Fig. 2), narrowly 
beating out the CW (5.0. species/1,000 amr; 
Table 1; Fig. 2). These results suggest that the 
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Cascade Ranges of California and the Oregon 
CFP should be considered alongside NW and 
SW as regions of elevated richness. Our results 
also suggest that SN and NW are not among the 
brightest hotspots of endemism in the California 
Floristic Province, at least in terms of species per 
unit area. 

Our work also allows for preliminary compar- 
isons of general floristic connections among 
major regions of the CFP (Table 2). In particular, 
we have been able to show the great strength of 
the connection between the portions of the CFP 
found in California, Oregon, and Baja California. 
Though both the Oregon CFP and Baja CFP are 
home to significant suites of strictly endemic taxa 
(Appendix 1), these regions also share a very 
large portion of their flora with neighboring 
regions of California (Table 2); the Baja CFP 
shares 43% of its land plant flora with the SW, 
while the Oregon CFP shares 56% of its flora 
with the NW (Table 2). This relationship is also 
supported by UPGMA trees, in which the 
Oregon CFP groups closely with the NW, and 
the Baja CFP forms a tight association with the 
SW (Fig. 3A). 

As mentioned above, connections between 
northwestern California and southwestern Ore- 
gon have long been appreciated by western 
botanists (Whittaker 1960, 1961; Smith and 
Sawyer 1988; Harrison and Grace 2007), espe- 
cially across the mountainous, geologically di- 
verse, and floristically cohesive Klamath-Siskiyou 
region. Though infrequently studied together, 
there is nonetheless a strong and well appreciated 
connection between the southwestern California 
and northwestern Baja California portions of the 
CFP (Munz 1959; Raven and Axelrod 1978; 
Wiggins 1980; Baldwin et al. 2012). The strong 
connections among the California, Oregon, and 
Baja California portions of the CFP demonstrate 
the cohesiveness of the CFP flora, and highlight 
the importance of including Baja California and 
Oregon when considering the botanical diversity 
of the state of California. 


Bryophytes Versus Vascular Plants 


Patterns of diversity in the bryophyte flora of 
the CFP differ strongly from those seen in the 
vascular plants (Table 1). Though the bryophyte 
flora of the CFP is among the largest and most 
diverse in North America (784 MRT; Shevock 
2003), it contains far less endemic diversity than 
is seen 1i the vascular flora (able |). "Plaas 
difference is likely attributable to the spore-based 
dispersal mode of bryophytes, which allows 
species to move easily over large geographic 
distances, although with a low probability of 
establishment (Rydin 2009). Also, many bryo- 
phytes in the CFP are restricted to very narrow 
microhabitats and therefore occurrences can be 


[Vol. 63 


widely spaced across the landscape. Many 
bryophytes are known in California from only 
a handful of occurrences, often with exceedingly 
small populations. Because there are few natural 
barriers to prevent spore movement, most CFP 
taxa are shared with other portions of North 
America. For example, many species characteris- 
tic of higher elevations, especially those occurring 
in fens, can be found across the Northern 
Hemisphere in similar habitats (Flora of North 
America Editorial Committee 2007, 2014). Other 
bryophytes viewed as alpine taxa extend beyond 
the CFP into the extra-CFP Cascades, or even 
the high mountains of Nevada’s Basin and Range 
region. On the other hand, many bryophyte 
species that are widespread across North America 
(e.g., Hylocomium splendens [Hedw.] Bruch and 
Schimper) are either exceedingly rare in the CFP 
or absent altogether. Most vascular plants, by 
comparison, are unable to disperse as easily as 
bryophytes, being limited by the movement of 
seeds. or vegetative propagules, which is frequent- 
ly limited by animal dispersal. Nevertheless, the 
dispersal mode of bryophytes is nearly identical 
to that found in ferns, a group with a notably 
higher rate of endemism in the CFP (9% of native 
fern species are endemic to the CFP) — to 
bryophytes (5% endemic). 

Drought is one possible factor limiting levels of 
bryophyte endemism and diversity in the CFP; it 
is thought that many otherwise widespread 
western North American bryophytes are excluded 
from all or part of the CFP by the long summer 
drought that occurs in the region, which would 
tend to exclude the less desiccation-tolerant 
species. While such conditions appear to have 
facilitated the origin and persistence of many 
endemic vascular plants (Raven and Axelrod 
1978; Baldwin 2014), they may have the opposite 
effect in bryophytes, a group that is generally 
more dependent on consistent access to water, at 
least during part of their lifecycle. For bryo- 
phytes, a prolonged summer drought is a signif- 
icant barrier to establishment, and severely limits 
survival. While the spores of most species are 
probably able to germinate under relatively wet 
winter conditions, adult plants of many species 
are probably not able to withstand the prolonged 
hot and dry season of the CFP, where they must 
conduct their growth and reproduction before the 
arrival of summer, and must be able to withstand 
prolonged periods of desiccation. 

Edaphic adaptation may also help to explain 
the difference in levels of endemism in the CFP. 
Though a large portion of the California and 
CFP endemic vascular flora is made up of unique 
species adapted to unusual substrates such as 
serpentine (Safford et al. 2005), this kind of 
substrate-associated speciation does not appear 
to occur very often in bryophytes. For example, 
within the CFP there is only one bryophyte 
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CFP vascular flora compared to the state of California. Vascular plant numbers for California are from 


summary statistics presented in the Jepson eFlora (2015). Note that the number of species for. the CFP and 
California corresponds to the total number of species found in the respective areas, whether present as a single 
Species, a single infraspecific taxon, or a number of infraspecific taxa. 


Area Species Endemic species 
KEP , 5006 1846 (36.9%) 
California 525] 2270 (34.8%) 


(Pseudoleskeella serpentinensis P. Wilson and 
Norris) that is strongly associated with serpentine 
(Shevock 2003). The lack of edaphic endemic 
bryophytes may be a result of the less intimate 
association between bryophytes and their sub- 
strate, as compared to vascular plants. 


Comparison to the State of California 


California is the most biotically diverse state in 
the U.S. (Stein. 2002). However, California is 
a political unit that cuts across several major 
biotic regions, including three of North Amer- 
ica s four deserts, as well ag the CFP. By 
analyzing diversity at the level of the state of 
California rather than relevant biotic regions 
found in the area, research into the causal factors 
of high regional diversity and endemism (Ackerly 
2009; Kraft et al. 2010; Anacker and Harrison 
2012a, 2012b; Anacker et al. 2011; Lancaster and 
Kay 2013) are excluding information that could 
contribute to more general conclusions. For 
example, our results show that 2,960 (46.3%) of 
the 6,391 native land plant MRT (vascular plants 
and bryophytes) found in the California CFP are 
shared with the Baja CFP, the Oregon CFP, or 
both. Such strong connections have obvious 
implications for research, especially when con- 
sidering that a large part of this shared diversity is 
made up of endemic taxa; 578 (23%) of the 2,467 
CFP endemic land plant MRT found in Califor- 
nia are also found outside the state in the Oregon 
CFP, the Baja CFP, or both. 

Our study is the first since Raven and Axelrod 
(1978) to present an analysis of diversity in the 
CFP in comparison to the state of California 
(Table 3). Our results show that while the flora of 
California has greater richness than the CFP at 
both the species and MRT level, the proportion 
of endemism is higher m the CFP (Table 3). 
highlighting the disproportionate contribution of 
CFP endemism to the high level of endemic 
diversity that the state of California is famous for 
(Baldwin et al. 2012; Baldwin 2014). 


Comparison to Other Compilations 


Raven and Axelrod’s (1978) paper on western 
North American flora was a milestone in the 
modern understanding of temperate biodiversity 
hotspots. Though their work concentrated on 


Minimum rank taxon 


Endemic minimum rank taxon 


2612 (42.5%) 
1502 (28.5%) 


6143 
6523 


the botanical hyperdiversity of the California 
Floristic Province in the context of North America, 
it drew comparisons to other biodiversity hotspots 
around the world, especially other regions of the 
world with a Mediterranean-type climate, all of 
which support unusual concentrations of botan- 
ical diversity. The work of Raven and Axelrod 
(1978) inspired generations of botanists to 
critically examine the problem of how biodiver- 
sity accumulates in small geographic areas, 
a research topic that remains fresh to this day 
(Harrison 2013; Baldwin 2014), and is likely to 
continue to expand as new systematic and 
ecological tools become available. Our work is 
an effort to update one small part of the work of 
Raven and Axelrod: their statistics on the levels 
of botanical diversity and endemism found in the 
California Floristic Province. 

Because Raven and Axelrod did not publish 
a list of species for the CFP, it is impossible to 
make a direct comparison between our work and 
theirs. However, their summary statistics show 
that our work recovered a similar number of 
species, but a significantly lower level of ende- 
mism for the CFP (Table 4). On the other hand, 
the levels of endemism for the state of California 
are similar between the studies (30.1 versus 
34.8%; Tables 3, 4), suggesting that the difference 
between estimates for the whole CFP are driven 
by the differences in the number of endemic 
species recovered in the Baja California CFP and 
the Oregon CFP; in both cases, we found a lower 
number of endemics in these regions than were 
found by Raven and Axelrod (1978; Table 4). 
Again, in the absence of a list from the work of 
Raven and Axelrod (1978), it is not possible to 
determine where the missing taxa are lurking. 
Overall, however, it 1s likely that many of these 
missing endemics were taxonomically subsumed 
into species found in California, particularly 
among the large number of CFP endemic species 
found: in the region of the CFP thatuspans thie 
border between California and Baja California, 
Mexico, or the border between California and 
Oregon. Another possible explanation for the 
inconsistency of the statistics 1s that our defini- 
tion of both the Oregon CFP and the Baja 
California CFP differs from that of Raven and 
Axelrod (1978); we include a smaller portion of 
Oregon, thereby potentially reducing the number 
of CFP endemics compared to Raven and 
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TABLE 4. Comparison to Raven and Axelrod (1978). This table summarizes data based on the vascular flora at 


the species level. 


Study CFP native CFP endemic Baja CFP endemic Oregon CFP endemic 
Raven and Axelrod 1978 4452 21259517105) 2217 90 
Present 5006 1846 (36.990) 136 18 


Axelrod (1978). Yet another potential explana- 
tion for the lower level of endemism found in our 
study is the expansion of knowledge and docu- 
mentation on the western North American flora 
that has taken place in the 38 years since the 
publication of Raven and Axelrod's (1978) paper; 
exploration of remote regions of western North 
America has revealed disjunct, non-CFP popula- 
tions of many plants that were previously 
considered CFP endemics. For example, Quercus 
cedrosensis C.H. Mull. was originally thought to 
be endemic to a small part of the Baja CFP, but is 
now known from the non-CFP parts of Baja 
California, as well as southern San Diego 
County, California. 


Proposed Regions of the CFP 


Our work highlights the cohesiveness of the 
CFP, particularly the intimate connections be- 
tween the non-Californian portions of the CFP 
and the immediately adjacent Californian regions 
(Fig. 3). By way of focusing research and 
scientific communication on these important 
connections, we propose that a total of six formal 
Regions of the CFP be recognized, three of them 
identical to those used by the Jepson Flora 
Project (Cascade Range, Central Coast Range, 
and Central Valley), and three expanded in terms 
of their geographic scale: the Sierra Nevada 
Region expanded to include the portion of the 
CFP in Nevada (see Materials and Methods), 
the South Western Region expanded to include 
the Baja California portion of the CFP, and the 
North Western Region expanded to include the 
Oregon portion of the CFP (Fig. 1). 


The Future of CFP Research 


Overall, the results that we have presented are 
a summary of current knowledge on land plant 
diversity in the CFP, developed from a variety of 
sources, but having their foundation in the 
recently revised Jepson Manual (Baldwin et al. 
2012). Like the Jepson Manual, a list of CFP taxa 
must be considered a work in progress, which will 
change as systematic understanding evolves and 
exploration of the CFP continues, particularly in 
Baja California. Our list should serve as a start- 
ing point, to be modified as our understanding of 
the flora changes; continual adjustment and 
maintenance will allow the list to remain useful. 
Nevertheless, we hope that future research will 
pursue new methods of quantifying endemism 


and diversity in the CFP, especially naive 
approaches based on herbarium data, which will 
reveal more meaningful biotic regions than the 
ones used in the present study. This work will 
inevitably lead to significant insights on the 
origins of western North America’s remarkable 
and unique biota. 
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APPENDIX 1. List of vascular plant minimum rank taxa (MRT) Endemic to the California Floristic Province (CFP; Fig. 1). The following is a list of vascular plant MRT 
found exclusively in the CFP (Fig. 1). For a complete electronic version of these data please refer to the Dryad Digital Repository: http://dx.doi.org/10.5061/dryad.d4g4n. 
NW, CaR, SN, GV, CW and SW refer to Regions of the CFP from the Jepson Manual (Baldwin et al. 2012). NW refers to the Northwestern California Region, CaR 
refers to the Cascade Ranges Region, SN refers to the Sierra Nevada Region, GV refers to the Great Valley Region, CW refers to the Central Western California Region, 
and SW refers to the Southwestern California Region. 
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APPENDIX l. CONTINUED. 


Vascular minimum rank taxon name 


Arnica discoidea Benth. 
Arnica fulgens Pursh 


Arnica lanceolata Nutt. subsp. prima (Maguire) Strother & S.J. Wolf 


Arnica latifolia Bong. 

Arnica longifolia D.C. Eaton 

Arnica mollis Hook. 

Arnica nevadensis A. Gray 

Arnica ovata Greene 

Arnica parryi A. Gray 

Arnica spathulata Greene 

Arnica venosa H.M. Hall 

Arnica viscosa A. Gray 

Artemisia arbuscula Nutt. subsp. arbuscula 

Artemisia arbuscula Nutt. subsp. thermopola Beetle 

Artemisia borealis Pall. subsp. borealis 

Artemisia californica Less. 

Artemisia cana Pursh subsp. bolanderi (A. Gray) G.H. Ward 
Artemisia douglasiana Besser 

Artemisia dracunculus L. 

Artemisia ludoviciana Nutt. subsp. albula (Wooton) D.D. Keck 
Artemisia ludoviciana Nutt. subsp. candicans (Rydb.) D.D. Keck 
Artemisia ludoviciana Nutt. subsp. incompta (Nutt.) D.D. Keck 
Artemisia ludoviciana Nutt. subsp. ludoviciana 

Artemisia nesiotica P.H. Raven 


Artemisia norvegica Fr. subsp. saxatilis (Besser) H.M. Hall & Clem. 


Artemisia nova A. Nelson 

Artemisia palmeri A. Gray 

Artemisia pycnocephala (Less.) DC. 

Artemisia rothrockii A. Gray 

Artemisia spiciformis Osterh. 

Artemisia spinescens D.C. Eaton 

Artemisia suksdorfii Piper 

Artemisia tridentata Nutt. subsp. parishii (A. Gray) H.M. Hall & 
Clem. 

Artemisia tridentata Nutt. subsp. tridentata 

Artemisia tridentata Nutt. subsp. vaseyana (Rydb.) Beetle 

Baccharis brachyphylla A. Gray 

Baccharis glutinosa Pers. 

Baccharis malibuensis R.M. Beauch. & Henrickson 

Baccharis pilularis DC. subsp. consanguinea (DC.) C.B. Wolf 

Baccharis pilularis DC. subsp. pilularis 

Baccharis plummerae A. Gray subsp. glabrata Hoover 
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CFP Oregon Baja 
Family Vascular minimum rank taxon name endemic CFP NW Ga SN GV CW SW CIP 


JE 


Deinandra kelloggii (Greene) Greene 

Deinandra lobbii (Greene) Greene 

Deinandra martirensis (D.D. Keck) B.G. Baldwin 

Deinandra minthornii (Jeps.) B.G. Baldwin 

Deinandra mohavensis (D.D. Keck) B.G. Baldwin 

Deinandra pallida (D.D. Keck) B.G. Baldwin 

Deinandra palmeri (Rose) B.G. Baldwin 

Deinandra paniculata (A. Gray) Davidson & Moxley 

Deinandra peninsularis (Moran) B.G. Baldwin 

Deinandra pentactis (D.D. Keck) B.G. Baldwin 

Deinandra streetsii (A. Gray) B.G. Baldwin 

Dicoria canescens A. Gray 

Dieteria asteroides Torr. var. asteroides 

Dieteria asteroides Torr. var. lagunensis (D.D. Keck) D.R. Morgan & 
R.L. Hartm. 

Dieteria canescens (Pursh) Nutt. var. canescens 

Dieteria canescens (Pursh) Nutt. var. incana (Lindl.) D.R. Morgan & 
R.L. Hartm. 

Dieteria canescens (Pursh) Nutt. var. leucanthemifolia (Greene) D.R. 
Morgan & R.L. Hartm. 

Dieteria canescens (Pursh) Nutt. var. shastensis (A. Gray) D.R. 
Morgan & R.L. Hartm. 

Dieteria canescens (Pursh) Nutt. var. ziegleri (Munz) D.R. Morgan & 
R.L. Hartm. 

Eastwoodia elegans Brandegee 

Eclipta prostrata (L.) L. 

Encelia actoni Elmer 

Encelia asperifolia (S.F. Blake) C. Clark & Kyhos 

Encelia californica Nutt. 

Encelia farinosa Torr. 

Encelia palmeri Vasey & Rose 

Encelia stenophylla Greene 

Ericameria arborescens (A. Gray) Greene 

Ericameria bloomeri (A. Gray) J.F. Macbr. 

Ericameria brachylepis (A. Gray) H.M. Hall 

Ericameria cooperi (A. Gray) H.M. Hall var. bajacalifornica 
(Urbatsch & Wussow) Urbatsch 

Ericameria cooperi (A. Gray) H.M. Hall var. cooperi 

Ericameria cuneata (A. Gray) McClatchie var. cuneata 

Ericameria cuneata (A. Gray) McClatchie var. macrocephala 
Urbatsch 
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Vascular minimum rank taxon name 


Wyethia bolanderi (&. Gray) W.A. Weber 

Wyethia elata H.M. Hall 

Wyethia glabra A. Gray 

Wyethia helenioides (DC.) Nutt. 

Wyethia invenusta (Greene) W.A. Weber 

Wyethia longicaulis A. Gray 

Wyethia mollis A. Gray 

Wyethia ovata Torr. & A. Gray 

Wyethia reticulata Greene 

Xanthisma gracile (Nutt.) D.R. Morgan & R.L. Hartm. 
Xanthisma junceum (Greene) D.R. Morgan & R.L. Hartm. 
Xanthisma wigginsii (S.F. Blake) D.R. Morgan & R.L. Hartm. 
Xanthium strumarium L. 

Xylothamia diffusa (Benth.) G.L. Nesom 


Azolla filiculoides Lam. 
Azolla microphylla Kaulf. 


Batis maritima L. 


Achlys californica 1. Fukuda & H.G. Baker 

Achlys triphylla (Sm.) DC. subsp. triphylla 

Berberis aquifolium Pursh var. aquifolium 

Berberis aquifolium Pursh var. dictyota (Jeps.) Jeps. 
Berberis aquifolium Pursh var. repens (Lindl.) Scoggan 
Berberis claireae Moran 

Berberis fremontii Torr. 

Berberis higginsiae Munz 

Berberis nervosa Pursh 

Berberis nevinii A. Gray 

Berberis pinnata Lag. subsp. insularis Munz 
Berberis pinnata Lag. subsp. pinnata 

Vancouveria chrysantha Greene 

Vancouveria hexandra (Hook.) C. Morren & Decne. 
Vancouveria planipetala Calloni 


Alnus incana (L.) Moench subsp. tenuifolia (Nutt.) Breitung 

Alnus rhombifolia Nutt. 

Alnus rubra Bong. 

Alnus viridis (Chaix) Lam. & DC. subsp. fruticosa (Rupr.) Nyman 

Alnus viridis (Chaix) Lam. & DC. subsp. sinuata (Regel) A. Love & 
D. Love 
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Family 


Vascular minimum rank taxon name 


Descurainia obtusa (Greene) O.E. Schulz subsp. obtusa 
Descurainia pinnata (Walter) Britton subsp. brachycarpa 


(Richardson) Detling 


Descurainia pinnata (Walter) Britton subsp. glabra (Wooton & 


Standl.) Detling 


Descurainia pinnata (Walter) Britton subsp. ochroleuca (Wooton) 


Detling 
Dithyrea maritima (Davidson) Davidson 
Draba albertina Greene 
Draba asterophora Payson 
Draba aureola S. Watson 
Draba breweri S. Watson 
Draba cana Rydb. 
Draba carnosula O.E. Schulz 
Draba corrugata S. Watson 
Draba cruciata Payson 
Draba cuneifolia Torr. & A. Gray 
Draba densifolia Nutt. 
Draba howellii S. Watson 
Draba lemmonii S. Watson 
Draba lonchocarpa Rydb. 
Draba longisquamosa O.E. Schulz 
Draba novolympica Payson & H. St. John 
Draba oligosperma Hook. 
Draba praealta Greene 
Draba pterosperma Payson 
Draba saxosa Davidson 
Draba sharsmithii Rollins & R.A. Price 
Draba sierrae Sharsm. 
Draba subumbellata Rollins & R.A. Price 
Erysimum ammophilum A. Heller 


Erysimum capitatum (Hook.) Greene var. capitatum 


Erysimum concinnum Eastw. 
Erysimum franciscanum Rossbach 
Erysimum insulare Greene 
Erysimum menziesii (Hook.) Wettst. 
Erysimum moranii Rollins 
Erysimum perenne (Coville) Abrams 


Erysimum suffrutescens (Abrams) Rossbach 


Erysimum teretifolium Eastw. 


Idahoa scapigera (Hook.) A. Nelson & J.F. Macbr. 


Lepidium acutidens (A. Gray) Howell 
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Vascular minimum rank taxon name 


Lepidium densiflorum Schrad. 

Lepidium dictyotum A. Gray 

Lepidium flavum Torr. 

Lepidium fremontii S. Watson 

Lepidium jaredii Brandegee 

Lepidium lasiocarpum Nutt. subsp. lasiocarpum 

Lepidium latipes Hook. 

Lepidium montanum Nutt. 

Lepidium nitidum Nutt. 

Lepidium oblongum Small 

Lepidium oxycarpum Torr. & A. Gray 

Lepidium ramosissimum A. Nelson 

Lepidium strictum (S. Watson) Rattan 

Lepidium virginicum L. subsp. menziesii (DC.) Thell. 

Lepidium virginicum L. subsp. virginicum 

Lyrocarpa coulteri Hook. & Harv. 

Nasturtium gambelii (S. Watson) O.E. Schulz 

Nasturtium officinale W.T. Aiton 

Noccaea fendleri (A. Gray) Holub subsp. californica (S. Watson) Al- 
Shehbaz & M. Koch 

Noccaea fendleri (A. Gray) Holub subsp. glauca (A. Nelson) Al- 
Shehbaz & M. Koch 

Noccaea fendleri (A. Gray) Holub subsp. siskiyouense (P. Holmgren) 
Al-Shehbaz & M. Koch 

Pennellia micrantha Nieuwl. 

Phoenicaulis cheiranthoides Nutt. 

Physaria kingii (S. Watson) O’Kane & Al-Shehbaz subsp. bernardina 
(Munz) O'Kane & Al-Shehbaz 

Physaria kingii (S. Watson) O’Kane & Al-Shehbaz subsp. latifolia 
(A. Nelson) O'Kane & Al-Shehbaz 

Physaria occidentalis (S. Watson) O’Kane & Al-Shehbaz subsp. 
occidentalis 

Physaria palmeri (S. Watson) O’Kane & Al-Shehbaz 

Physaria peninsularis (Wiggins) O’Kane & Al-Shehbaz 

Planodes virginicum (L.) Greene 

Rorippa curvipes Greene 

Rorippa curvisiliqua (Hook.) Britton 

Rorippa palustris (L.) Besser subsp. palustris 

Rorippa sphaerocarpa (A. Gray) Britton 

Rorippa subumbellata Rollins 

Rorippa tenerrima Greene 

Sibara brandegeana (Rose) Greene 
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APPENDIX 1. CONTINUED. 


CFP Oregon Baja 
Family Vascular minimum rank taxon name endemic CFP NW GaR SN GV CW Sk Grp 


Githopsis pulchella Vatke subsp. serpentinicola Morin 
Githopsis pulchella Vatke var. glabra (Jeps.) Morin 
Githopsis pulchella Vatke var. pulchella 

Githopsis specularioides Nutt. 

Githopsis tenella Morin 

Heterocodon rariflorum Nutt. 

Howellia aquatilis A. Gray 

Legenere limosa (Greene) McVaugh 

Lobelia cardinalis L. var. pseudosplendens McVaugh 
Lobelia dunnii Greene var. dunnii 

Lobelia dunnii Greene var. serrata (A. Gray) McVaugh 
Nemacladus calcaratus Morin 

Nemacladus californicus (A. Gray) Morin 

Nemacladus capillaris Greene 

Nemacladus glanduliferus Jeps. — E -— - 
Nemacladus gracilis Eastw. = — — — 
Nemacladus interior (Munz) G.T. Robbins | x — — — 
Nemacladus longiflorus A. Gray var. breviflorus McVaugh -- — -- = 
Nemacladus longiflorus A. Gray var. longiflorus 
Nemacladus montanus Greene 

Nemacladus orientalis (McVaugh) Morin — — — — 
Nemacladus pinnatifidus Greene — - -- — 
Nemacladus ramosissimus Nutt. E — — — 
Nemacladus rubescens Greene 

Nemacladus secundiflorus G.T. Robbins var. robbinsii Morin 
Nemacladus secundiflorus G.T. Robbins var. secundiflorus 
Nemacladus sigmoideus G.T. Robbins 

Nemacladus twisselmannii J.T. Howell 

Porterella carnosula (Hook. & Arn.) Torr. 

Triodanis biflora (Ruiz & Pav.) Greene 

Triodanis perfoliata (L.) Nieuwl. 
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Cannabaceae Celtis reticulata Torr. = 


Caprifoliaceae Lonicera cauriana Fernald — 
Lonicera ciliosa (Pursh) Poir. — 
Lonicera conjugialis Kellogg — 
Lonicera hispidula (Lindl.) Torr. & A. Gray — 
Lonicera interrupta Benth. — 
Lonicera involucrata. (Richardson) Spreng. var. involucrata — 
Lonicera involucrata (Richardson) Spreng. var. ledebourii (Eschsch.) — 
Jeps. 
Lonicera subspicata Hook. & Arn. var. denudata Rehder X - — -— 


| KI KAN 
| X (X XX XXL oe o W > 9X S | 


X | < < >< > | 
Kl XX XX | 
| 
X ol oe 


X 
| 


HONIAO?Id OLLSISO'IH VINSIOAI IVO “TV LA ADANA [9102 


LA 


[Vol. 63 


~~ 


MADRONO 


BS 


x x 
w x 

x 
`š x 
E x 
X == 
X == 
x = 
X X 
a X 
X X 
X IE 
X X 
x — 
X X 
` = 
= x 
x X 

dd AAS 
efeq 


X X X 
X X X 
X X x 
— » X 
E E X 
= E X 
E E X 
E » X 
p» E X 
E E X 
= E X 
E 3 x 
x — — 
E = x 
x » X 
b = == 
X = = 

E X 
F F x 
x ER x 


Ge 
| 
| < 


AXO AÐ NS 


x X 
X X 
X — 
X X 
x x 
i X 
X X 
X 

= x 
E X 
a x 
X 

X X 
X X 

ao MN 


| KR 


(eo 1 > | 


dd 
uoga 


(e Io 


x 
oruopuo 
dl) 


BINIZ 29 ƏN UIƏJA[ VUYIUOLUSII D1JADNULY 

Ne, (ABI `V) vonuofipo DUJADMUIJN 

“NON Vsossvnbs piSu1]foo'T 

'uuoji (QOY “T'A) Pusan IUOBOUIATF 

DIUAPDAIDUL “JBA “UUOYI (UOSJEM `S) 21u2pp42rui aUOBOW AAT 
ea a ea | ! 

(QTINSBJA) VIJOfINIAD “IBA "uuox] (UOSIBM `S) DIUopD4IDU AUOBOWAAT 
uroq 

(UOSIB M `S) $4u22$24qD/[8 “IEA "UUOX] (UOSIBM `S) 118419 AUOBOWAAT 

Io[pqe A 2 UNE “TA (sureQqy) 20181443 f 2408014241 
IQIqeyYy Ý ULH 

"TY (LLID `V) suaosajnaffns ‘ICA "uuox] (YNN) 27528402 auosowasq 
Jo[pqe sw P UEH “TI 

(UOSIB M `S) DISAaBUOIGNS “IBA “UUOXI (PNN) 27528u02 DUOBOUDATF 
Jof[oqeY 2 `unireH 

“TY (9urnSeJAp) suvjnuds “eA "uuox] (NN) 27523u02 2u08014241 
JIo[pqe V WI 

“TY (SuinSvJAp DIASSDA2 “eA "uuox] (YNN) DJSIBUOD auosowasy 

DISABUOD “IBA "uuOX][ (PNN) 27528402 auosowasy 

'WJLH "Tw P Jopeqey 2201/1793 auosowasq 

‘UUOY] (UOSIBM `S) DIDaJNID aUuoBsOW IAT 

UOSILM `S VSOISIA DIADIUAAG 

'qrqosp xo IZUWIALA (IPOS 2 Wey) vA ydojda] viatu q 

“UJUuJg saploajsojoy DIsADUALAA 

IDJOH `V pia wniysp42) 

‘Jey suvinu wumnisD422) 

"IPIYIS 2 r `urpuO wnupisulizag wunisp422) 

urpner) 147721478 `dsqnsSs "T 2suaa4n umn11sp422Ə 

`Iq0e “AT ?9 uos[oN `V (WA) tiumunssiSouDA DUoUOIPAD.) 

'Qow “T'A »jooipnypd vianuasp 
Te 19 

IqQoonigeZ (ALIN "V ) DSOXDS "IBA ‘GIYOY (XYON) psouis8nupr] VIDUAL 

Ker) `V 29 "OT 149doo2 piyaduosdyap 


snijofipunjo4 “eA AIN `V snyofipunjos sodiporioyduids 
Iojsduioqq (qpAy) 27/s14pd “eA ABI) `V snyofipunjos SOTADILIOYI WAS 
uos[oN `V CqpAy) SISUaYDIN “eA ABI `V snpndoo40 Ssodapa1soyduias 
NAN 57/0 soduvaisoyduas 
ÁBIÐ) `V Snsopfisuo] sodivorioyduids 

Speyer 
"IS (PIEI) snip81420] “TRA Helg “AS CD sng sodavoisoyduds 
DIDIIASGNS ‘ICA “ULV 29 "X4ooH 27Do1dsqns n4221u071 


9SUIEU UOXE] JULI UIDUIIUIUI JE[MOSEA 


'GAINNLLNOD `] XIdNSddV 


ogaog[i[AYdoAI18 


Aueg 


BURGE ET AL.: CALIFORNIA FLORISTIC PROVINCE 18 


. 2016] 


| < 


x 


d AD 
eleg 


KKK lei 


E. | 


Kd | >< < le 


L IK 


MS 


ws. ASE m 


L; | 


x 


MO AD NS 


x 


| WX le ! KKK 


< 


IKK l| >< |! | 


| X X X 


(e LX oe XX MX IKKI 


X = 
x x 
a x 
x x 
x x 
x x 
= X 
X X 
X X 
X X 
F X 
X X 
= x 
x x 
X X 
X x 
H X 
E X 
X X 
X = 
y X 
E X 
F X 
L x 
= x 
x x 
x x 
a x 
x X 
E X 
JE) AN 


E MU EM 


IK | KRAK IKKA KKM I 


| X 


X 


LAK | 


dl? 
UOBIIO 


| SA A | E E Ko | ME 


TUUM 


EJ M 


L Al 


< 


Sruropuə 
di? 


UOS]?AA `S $7]D1u2p1220 ouajiS 

IMS 2 YHH "TO (UOSIBM `S) vpnu ouajis 

| "400g 11S21ZUau1 auajiS 

“JIJNI SI SISUoAOUADUI JUIS 

UOSJEM `S 1u0uuu9] 2uapng 

DIDIUIID] 'dsqns “ABD DIDIUDID] JUF 

UOLIOW "st [ (pueunqq) 221440/1]p2 “`dsqns "AECH pipun] suas 

ounseJA 2 “MANY "TO Did JUANS 

IMN 2423001/ ouajisS 

UOSIBA `S 14048 Aale 

11$D]8nOp ‘ILEA "YOOH 7:52J8nop auapg 
oJIn 3 e [AI 

V “MA “TD vsojnpupjs ‘dsqns uosyeM `S 2ibgnupdwumo suas 

pipjnuvdips “ASQNS UOSILM `S 27pgnupdwummo auaps 

QOY 77525pi4q auajis 

ALIN `V Mapuvjoq əuə s 

UOSJEM `S DUIPADUAIG auajis 

oud nj42dD UNN 

"I DUIYAN UD oUAPS 

ISIE `H CT) Sopt10u18ps DUIBDS 

MOIO "ID (UOSIBAM `S) SYADDISSD42 `dsqns ÁBIÐ) `V DUuAXDLI DUIBDS 
MOIN “AD WOSM 

`Q) sypjuapizz0 *dsqns ALIN `V 29 IIOL (VOMA) suaquinzap PULBPS 

"UunlieH “TRY 29 IMPLY 2244218 D14DjJ2a1sopnasq 

WEH “TAB IQIM V'M CIOL) vuvisawbi DuD]]a]SOpNISJ 

nN unssa4dap uodivodjoq 

IDA 24Dup DIYIAUOADJ 

[zuo ((YOOH) VI YO. DU DIBUAYIOJN 

UIJTH (MS) 2721478 DIJADNUIJAJ 

UOSION `d `f 2? UOSTAN “ML 242/140]078 D1740nu1JA 

UINH (quoyye AA) Vijagns puapnuijy 

MONON (Aqoureg 2 ounsv]A) 19504 DIJADAUIJN 

“JEN (UOSIBAM `S) »gisnd vannu 

osnoH (qpAy) Vgopisnigo DIJADAUIJAJ 
UnJeH TA 

29 Igjaqey AMPH `V) 21403245 “eA "bug (xed) 17JD11nu voyon 
Tapp “TR 

2? 19[eqew] (QOQ “TO 817120483 “rea "bug (xed) mjpunu pyon 

meJA (UOSIBA `S) z7)j]2aou DJADNUIJAN 

"JWEN (ALIN `V 29 IIOL) Uspjsnop DUADAUIJN 

UOSJON `d `f 2? UOS[ON AA LL $uaquanoap vonu N 


oureu uoxe] YURI umurutru 1epnoseA 


'GINANLLNOD `] XIGNSddV 


A[rure T 


. [Vol. 63 


"d 


MADRONO 


74 


= x == — — 
X X X 3 X 
X = — == 
. ` < aa x 
€ X X X k 
x x x x š 
x x x = k: 
x k. x x š 
x x x x x 
š 7 x a x 
= X` == — — 
— * X F x 
— ki < ES X 
z — p = X 
Xx X X X X 
— X X P X 
=Q š = X 
= = ` — = 
R š Æ a x 
x: X = — X 
š B X " X 
X X X X X 
x = == = 
x x x = K 
ë x — 
X X X X E 
X X X X X 
== = X — = 
ð M ið a x 
= x == — = 
e e M e X 


dE ` S Mo AD ë 
eleg 


X X 
X X 
X X 
x x 
x X 
> X 
X X 
X = 
E X 
X X 
X x 
X X 
z X 
" X 
ë x 
" x 
k: x 
x = 
Ð x 

x 
š x 
M I 

JE) MN 


LIK 1K elo 


> > > > I 


dd. 
uoSə1O 


E 2 | 


oruropuo 
SEW 


USLIBJ 27214120] IEA “PAN (SINA) suaosaupro xajdiap 
SUAISIUDI “JILA “PAN (YQSINJ) SUoosouvo xajdiup 
NA "CT (uyuoÁg) vuvdnyoung xajdiap 
SOUOf TW 21uDugpn] “TRA “WN DIJUIOBAD.XA] AV 
LELONI 
V US[SAA. “T'S (UOSIBM `S) psuvdxə “JBA “PAN Dojuod4b Xaj disip 
'IPULIS (usueq) IJJDUIUMIJQNS WUNWUIUIJOAYIAY 
‘boy Sop1011]9 vusiuvydy 
SZYUNY (UOSJEM `S) si[p1uapio2o vafjosuay] y 
`T unssawap wnjáydosp127) 


Jew (USING) So1U1S4ÁU DUNJSIXDJ 
“sdof (OIL) YS14Dd ` 1eA IIOL, SlJD]u9p1090 SMUWAUONTF 
$11D142p1220 “eA "IIO $7/D2u2p1220 snuiAuony 


"UPS 29 IBY 27Dj[2quun DLIDJI1S 

"OST 2$77q0 Dl4UDJI21S 

“YON $4371 DIAUJ]21S 

sadi8uo] 'dsqns dIp[OH s2d1384u0] 014011215 

“PWA 2770/1240] DIAD]I21S 

"LIO L $2/240371] 014011215 

TP3uos V WLO VdS DIAD]IOIS 

"BUOYq (CqopoT) VYIUDIA]DI 91401121S 

onjeog 2 Jodig (PNAS) DUVYIZIS "ASQNS MOZI S1/DZA40qQ DLV]IAIS 

Jassog (T) DULIDU vavi AS 
'Selor (Quam) 

Lunu1]p]1 “eA 'YUAJH (IPNYIS 2 `urguO) 2221/7042Dw4 DDINBAadS 

DIAYIOAIDU “IBA “YUAJH C[PUYOS 2 WBUD) vooyjo4ovu DIDINB4adS 
qoeqssoq 

`M 2/518u0] “eA “QUAJH CTDp3IU9S 29 WLY) 2221/04204 DIADjINBAads 
'qow "T8 CUID) 

pYyIUvINA] “IVA “YUAJH (TPNYIS BY `urguO) 22210420w DUDINB42dS 

qoeqssow `A $7/2742p1220 “eA UO `D ((SIƏd) sisuappupo DLIDINZAadS 

qoeqssow `M 2.42ds041D D1pgna42dS 

UOSIB M `S Dpuno23424 2uə]1ç 

OO “T'A 2/40psoms auapis 

UOSTON `d `f 2 UOS[ON "AW IL 2/021uuadaas auapig 

149jnoos *dsqus "oo 142/noos ouajis 

UOSIBAA `S 144284D$ 2u2pIg 

Te 39 UOS[ON "AA LL 222Duowmgps auajis 

UOS]? AA `S Iz/s14Dd auapig 

UOSJEM `S 2uD8240 auajiS 


WLU uox? YURI umuinru IBINOSBA 


‘GANNILNOZD `] XIGNdddV 


agaoerpodouauy 


ovacse[[AYdoze19J 


oeooernse]eLH 


A[rwe g 


Ð 


BURGE ET AL.: CALIFORNIA FLORISTIC PROVINCE 


2016] 


| í ! X í 9X í % o 


| > < o 


did 
eleg 


| < | X XX X í< | > leeë 


I X | L 


ME Ke 


E SB. | 


Ix 


x 
MS 


| 
| 
| í K o 


| X KR 
| oi o o 
|» » oo o o 


x 


MO AD NS 


| KR 


deo 


MN 


SEW 
UOSIIO 


| X» % >< 9X < o 


oruopuo 
d AV 


p1OJA?I) 
T'A 2/D]Uap1090 “IBA J9[[2H ^V (UOSIBM `S) UNupour wunipodouau) 
'IPULIS supiy wumpodouayp 

UIAIOg 'q (‘[PpUeIS) wnuipps ‘Tea 7T unnng unipodouayyD 

UOSIB M `S Nuououaf uunpodouay) 

PURIS tunyofijoquif umpodouay 

UOS[ON `V tnjn221s2p unipodouay) 

USM “T'S wnivjidvaiaspd “rea TSOJQUIY (7T) tunip11dpo unipodouay) 
UOSJEM `S (UOSIB AA `S) tunonuofipo wnipodouay) 

"UQoBIO) (IMJN) 12YIDYISZ “IeA DON 1MaipuvjAaq um PpOdOUay) 
yem (JINJA) wnjonuis “IBA “boy, 1421puv[42q wunipodouayy 
'QpARY $42414047D uunipodou212) 

SUuIeJqy HUOSJDAL XƏ]dL4] y 

[AOD SISUDAPINI xaldı y 

ALIN `V (UOSIBM `S) DIDOUNAJ X] DAP 

nu) “TO 29 ZMS sguqns Xa]j diy 

Aqov]A quf 242fiuids xojdiup 

DUDUIAAIS “IBA SWEBIQN Dupua42s xajdi4]p 

zunJA (C[pue1g) zuospiapp ‘Tea sure1qy 2upua428 Xa] UP 
UOSIBM `S CHOL) vdiwodjod xojdiup 

nu) “TO Y ZAK suajsis42d xajdiujp 

"I pmiod xajdiup 

UOS]e AA `S JZ/S14pd xajdi4jy 

UOSTON "V Daifiovd xajdiujp 

PURIS 2rmosnunu xajdiajp 

‘Iq "CT (bow) 274ydoong xojdiup 

UOSIBM `S CIOL) $22440/1u2] xajdi41p 

UOSIBAA `S vasopi xadi p 

11U1JoULB “IBA "Suog Muijouid xajdiujp 

`sdər psoqgounaf xajdiup 

Jew DI01P xajdiup 

`sdər pssa4dap xajdiup 

Iq "CT (“bom) manos xadiujp 

US[2AA “T'S (19400H) 2/021][D4 “eA UOSIBM `S 27Du0402 Xa] diLIV 
'Sdof 401]DJOU “TRA UOSIBM `S DIDUO40D Xxajdiugy 

DIDUOAOD “TRA UOSIBM `S 27Du0402 xajdiujp 

USIM “T'S (Te 19 ZINIS) $2]mpo1712242 “eA “SAQ[ DIDIMP400 Xa] did y 
DIDINPAOD ‘yes 'Sdo( DID]MP400 XA] UP 

UOSJBA `S (WJH 2 IO I) DYyOfij4ofuoo Xa] duwi1y 

zunJA (UOSIBM `S) si4p2ui] “IBA “PAN (UYSINJ) SUDISOUDVID xajdiugp 


JWEU UOXP) JULI WNWIUTUI TE[MOSEA 


J4ANILNOO `T XIGANYJddy 


Apwe q 


[Vol. 63 


~ 


MADRONO 


76 


| 
| 
| 
| 


x — = = = 
x x x X X 
X X — k. = 
X = — 
= x s E Æ 
F F E a x 
x x x x x 
x X X " " 
= x — = 
x x š E gi 
X X X Fi » 
x x X x 7 
x x = x m 
— = x — = 
E > x x x 
F 3 x X 

= — x = = 
X X X X E 
X X X š K 
x X X s. 
K X S E x 
x x x x x 
k F a E X 
F X a X X 
=: = — x — 
E X E X X 
X X X E JÐ 
X a pre 3 E 
= X ya A di 
E z % x 
x x x X X 
X X X X X 
ki. in 5 7 X 
X 3 X = E 
X 3 ~ š x 


x = 
- X 
E X 
X X 
H x 
_ x 
x 

x 
E X 
X X 
X = 
à X 

JE) MN 


dd 
u03210 


| KRIK RMR KKM 


| < 


oruopuo 
dd 


SUIT "HH (ro L) 2d4voc0jd nwu071424 

SOIL "HH Ciqor “AN 2752u0f DWOJIDJ 

SUIT "HH (SIIIAoO) 250qoj3 “JA sni] "HH CUNN) 2240qu4D Duod 
D240qQ4D “eA SIT "HH (ANN) 2240q4D 210714241 

SOI "HH (usuegq) vinisnsup “ea sn] "HH (JANN) 0240q4D DWOJLIDJ 
UOSIBM `S Diuiodsvoojd pjjaouoa].) 


IIOS (qrodqogs ^q) suaosojnaffns wunumoi1up2047) 

IIIOS (sdof) 24D53jna “Tea ASN (ANN) tunuvdoos wumwuoiup2047) 
umi4pdoos ‘rea “AA (NAN) tunuivdoos uunuai1up2047) 

IIOS (QOY "T g) 7242248 wmwuoi1402047) 

"pouef( (OUIA) 1uos4apjp UNWAYJUDIOAD 


Tpuvis (TPUBIS) DyOJiXD] ppəpnç 

QOLUN CAT CJewp 24214 ppəpnç 

SIOWINY AA `V `S 29 UJIJI 2042782 ppəpnç 

UOSIBM `S Donuofijpao vpanns 

‘boy CXooH) siuu410/1]000]D2 ppəpnç 

senrreyoeZz “HA (PULIS) 131/1409 vizinig 

UOSION `V D4qn4 DIULOINDS 

‘TILA Suudad DIULAS 

[pues pouiovd n1u4021]DS 

'IPULIS vssaudap piu4021]DS 

LIO L 11407251Q DIUAOIIIDS 

ÁBIÐ) `V vipinyIDds sidajouopy 

DUINO (YNYOS) puppi)nu sidajouopy 

qur) (UOSIB AM `S) Dijisnd s1dajououuo4o1A 

MWN `V 29 ƏsnƏəo],] `V SING) VIVU] DIAOYIUUIUIYISDAJ 
UOSJEM `S DIIMUAO{IIDI DIYIOY 

'boJA ( JOOH]) vsouids DIADA 

UOS[ON `V pupumbpol[ xəjdi xq 

SBLIBYILBZ H'A (DOWN) Donuofipo xə]d141x:T 

SJUBLUDTD 2 UIXBASOW CPIM) $42/024D48 DIUDYASA 
UOS[ON `V 224087DA wnipodouayy 

‘yey CIOL) Xojduus unpodouay) 

UOSIBAA `S ((YOOH) əzzunt/ “ea 7] wunaqna wnipodouay) 
'QpAY 27/021487D4d vuinipodouay) 

'IPULIS osuopwaou tunipodouət/əƏ 

UOSAWIS 'S'W 29 Ə3191d-19U9g 2un240771] Uinipodouay) 
uosle `S Cbon) un jáydosdaj wnipodouayD 


oureu UOXe) JULI UMUHTUTUI TE][NISEA 


`H O ONLLNOO | XIaNdddV 


ovoo?ulo9[) 


9992V]SI) 


Á[rure g 


APPENDIX 1. CONTINUED. 


CFP Oregon | Baja 
Family Vascular minimum rank taxon name endemic CEP NW” Caw SN GV OW SW GaP 


Polanisia dodecandra (L.) DC. subsp. trachysperma (Torr. & A. - - x x X X - — — 
Gray) H.H. Iltis 
Wislizenia refracta Engelm. subsp. californica (Greene) S. Keller x — — = = X E E - 


Comandraceae Comandra umbellata (L.) Nutt. subsp. californica (Rydb.) Piehl 


| 
X 


Convolvulaceae Calystegia atriplicifolia Hallier f. subsp. buttensis Brummitt 

Calystegia collina (Greene) Brummitt subsp. collina 

Calystegia collina (Greene) Brummitt subsp. oxyphylla Brummitt 

Calystegia collina (Greene) Brummitt subsp. tridactylosa (Eastw.) 
Brummitt 

Calystegia collina (Greene) Brummitt subsp. venusta Brummitt 

Calystegia longipes (S. Watson) Brummitt 

Calystegia macrostegia (Greene) Brummitt subsp. amplissima 
Brummitt 

Calystegia macrostegia (Greene) Brummitt subsp. arida (Greene) 
Brummitt 

Calystegia macrostegia (Greene) Brummitt subsp. cyclostegia 
(House) Brummitt 

Calystegia macrostegia (Greene) Brummitt subsp. intermedia 
(Abrams) Brummitt 

Calystegia macrostegia (Greene) Brummitt subsp. macrostegia 

Calystegia macrostegia (Greene) Brummitt subsp. tenuifolia 
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Vascular minimum rank taxon name 


Equisetum arvense L. 

Equisetum hyemale L. subsp. affine (Engelm.) Calder & Roy L. 
Taylor 

Equisetum laevigatum A. Braun 

Equisetum palustre L. : 

Equisetum telmateia Ehrh. subsp. braunii (J. Milde) Hauke 


Allotropa virgata Torr. & A. Gray 

Arbutus menziesii Pursh 

Arctostaphylos andersonii A. Gray 

Arctostaphylos auriculata Eastw. 

Arctostaphylos australis Eastw. 

Arctostaphylos bakeri Eastw. subsp. bakeri 

Arctostaphylos bakeri Eastw. subsp. sublaevis P.V. Wells 

Arctostaphylos bolensis P.V. Wells 

Arctostaphylos canescens Eastw. subsp. canescens 

Arctostaphylos canescens Eastw. subsp. sonomensis (Eastw.) P.V. 
Wells 

Arctostaphylos catalinae P.V. Wells 

Arctostaphylos columbiana Piper 

Arctostaphylos confertiflora Eastw. 

Arctostaphylos crustacea Eastw. subsp. crinita (J.E. Adams) V.T. 
Parker et al. 

Arctostaphylos crustacea Eastw. subsp. crustacea 

Arctostaphylos crustacea Eastw. subsp. eastwoodiana (P.V. Wells) 
V.T. Parker et al. 

Arctostaphylos crustacea Eastw. subsp. insulicola (P.V. Wells) V.T. 
Parker et al. 

Arctostaphylos crustacea Eastw. subsp. rosei (Eastw.) V.T. Parker 
et al. 

Arctostaphylos crustacea Eastw. subsp. subcordata (Eastw.) V.T. 
Parker et al. 

Arctostaphylos cruzensis Roof 

Arctostaphylos densiflora M.S. Baker 

Arctostaphylos edmundsii J.T. Howell 

Arctostaphylos franciscana Eastw. 

Arctostaphylos gabilanensis V.T. Parker & M.C. Vasey 

Arctostaphylos glandulosa Eastw. subsp. adamsii (Munz) Munz 

Arctostaphylos glandulosa Eastw. subsp. atumescens J.E. Keeley et al. 

Arctostaphylos glandulosa Eastw. subsp. crassifolia (Jeps.) P.V. Wells 

Arctostaphylos glandulosa Eastw. subsp. cushingiana (Eastw.) J.E. 
Keeley et al. 
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APPENDIX 1. CONTINUED. 


Vascular minimum rank taxon name 


Acmispon procumbens (Greene) Brouillet var. procumbens 

Acmispon prostratus (Torr. & A. Gray) Brouillet 

Acmispon rigidus (Benth.) Brouillet 

Acmispon rubriflorus (H. Sharsm.) D.D. Sokoloff 

Acmispon strigosus (Nutt.) Brouillet 

Acmispon utahensis (Ottley) Brouillet 

Acmispon wrangelianus (Fisch. & C.A. Mey.) D.D. Sokoloff 

Amorpha apiculata Wiggins 

Amorpha californica Nutt. var. californica 

Amorpha californica Nutt. var. napensis Jeps. 

Amorpha fruticosa L. 

Astragalus accidens S. Watson var. accidens 

Astragalus accidens S. Watson var. hendersonii (S. Watson) M.E. 
Jones 

Astragalus acutirostris S. Watson 

Astragalus agnicidus Barneby 

Astragalus albens Greene 

Astragalus andersonii A. Gray 

Astragalus anemophilus Greene 

Astragalus asymmetricus E. Sheld. 

Astragalus austiniae Brewer & S. Watson 

Astragalus bernardinus M.E. Jones 

Astragalus bicristatus A. Gray 

Astragalus bolanderi A. Gray 

Astragalus brauntonii Parish 

Astragalus breweri A. Gray 

Astragalus californicus (A. Gray) Greene | 

Astragalus canadensis L. var. brevidens (Gand.) Barneby 

Astragalus circumdatus Greene 

Astragalus claranus Jeps. 

Astragalus clevelandii Greene 

Astragalus coccineus Brandegee 

Astragalus congdonii S. Watson 

Astragalus curtipes A. Gray 

Astragalus curvicarpus (A. Heller) Macbr. var. curvicarpus 

Astragalus deanei (Rydb.) Barneby | 

Astragalus didymocarpus Hook. & Arn. var. didymocarpus 

Astragalus didymocarpus Hook. & Arn. var. dispermus (A. Gray) 
Jeps: 

Astragalus didymocarpus Hook. & Arn. var. milesianus (Rydb.) Jeps. 

Astragalus didymocarpus Hook. & Arn. var. obispoensis (Rydb.) Jeps. 

Astragalus douglasii (Torr. & A. Gray) A. Gray var. douglasii 
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Vascular Minimum Rank Taxon Name 


Castilleja densiflora (Benth.) T.I. Chuang & Heckard subsp. 
obispoensis (D.D. Keck) T.I. Chuang & Heckard 

Castilleja exserta (A. Heller) T.I. Chuang & Heckard subsp. exserta 

Castilleja exserta (A. Heller) T.I. Chuang & Heckard subsp. latifolia 
(S. Watson) T.I. Chuang & Heckard 

Castilleja foliolosa Hook. & Arn. 

Castilleja fruticosa Moran 

Castilleja gleasoni Elmer 

Castilleja grisea Dunkle 

Castilleja guadalupensis Brandegee 

Castilleja hololeuca Greene 

Castilleja lacera (Benth.) T.I. Chuang & Heckard 

Castilleja lanata A. Gray 

Castilleja lasiorhyncha (A. Gray) T.I. Chuang & Heckard 

Castilleja latifolia Hook. & Arn. 

Castilleja lemmonii A. Gray 

Castilleja linariifolia Benth. 

Castilleja lineariloba (Benth.) T.I. Chuang & Heckard 

Castilleja mendocinensis (Eastw.) Pennell 

Castilleja miniata Hook. subsp. elata (Piper) Munz 

Castilleja miniata Hook. subsp. miniata 

Castilleja minor (A. Gray) A. Gray subsp. spiralis (Jeps.) T.I. Chuang 
& Heckard 

Castilleja mollis Pennell 

Castilleja montigena Heckard 

Castilleja nana Eastw. 

Castilleja ophiocephala Tank & J.M. Egger 

Castilleja peirsonii Eastw. 

Castilleja pilosa (S. Watson) Rydb. 

Castilleja plagiotoma A. Gray 

Castilleja praeterita Heckard & Bacig. 

Castilleja pruinosa Fernald 

Castilleja rubicundula (Jeps.) T.I. Chuang & Heckard subsp. 
lithospermoides (Benth.) T.I. Chuang & Heckard 

Castilleja rubicundula (Jeps.) T.I. Chuang & Heckard subsp. 
rubicundula 

Castilleja schizotricha Greenm. 

Castilleja subinclusa Greene subsp franciscana (Pennell) T.I. Chuang 
& Heckard 

Castilleja subinclusa Greene subsp subinclusa 

Castilleja tenuis (A. Heller) T.I. Chuang & Heckard 

Castilleja wightii Elmer 
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Vascular Minimum Rank Taxon Name 


Eriogonum fasciculatum Benth. var. foliolosum (Nutt.) Abrams 

Eriogonum fasciculatum Benth. var. polifolium (Benth.) Torr. & A. 
Gray 

Eriogonum fastigiatum Parry 

Eriogonum foliosum S. Watson 

Eriogonum giganteum S. Watson var. compactum Dunkle 

Eriogonum giganteum S. Watson var. formosum K. Brandegee 

Eriogonum giganteum S. Watson var. giganteum 

Eriogonum gossypinum Curran 

Eriogonum gracile Benth. var. gracile 

Eriogonum gracile Benth. var. incultum Reveal 

Eriogonum gracilipes S. Watson 

Eriogonum gracillimum S. Watson 

Eriogonum grande Greene var. grande 

Eriogonum grande Greene var. rubescens (Greene) Munz 

Eriogonum grande Greene var. testudinum Reveal 

Eriogonum grande Greene var. timorum Reveal 

Eriogonum hastatum Wiggins 

Eriogonum heermannii Durand & Hilg. var. heermannii 

Eriogonum heermannii Durand & Hilg. var. Aumilius (S. Stokes) 
Reveal 

Eriogonum heermannii Durand & Hilg. var. occidentale S. Stokes 

Eriogonum hirtellum J.T. Howell & Bacig. 

Eriogonum hirtiflorum S. Watson 

Eriogonum incanum Torr. & A. Gray 

Eriogonum inerme (S. Watson) Jeps. var. hispidulum Goodman 

Eriogonum inerme (S. Watson) Jeps. var. inerme 

Eriogonum intricatum Benth. 

Eriogonum kelloggii A. Gray 

Eriogonum kennedyi S. Watson var. alpigenum (Munz & I.M. 
Johnst.) Munz & I.M. Johnst. 


Eriogonum kennedyi S. Watson var. austromontanum Munz & I.M. 


Johnst. 
Eriogonum kennedyi S. Watson var. kennedyi 
Eriogonum kennedyi S. Watson var. pinicola Reveal 
Eriogonum kennedyi S. Watson var. purpusii (Brandegee) Reveal 
Eriogonum latens Jeps. 
Eriogonum latifolium Sm. 
Eriogonum libertini Reveal 
Eriogonum lobbii Torr. & A. Gray 
Eriogonum luteolum Greene var. caninum (Greene) Reveal 
Eriogonum luteolum Greene var. luteolum 
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Vascular minimum rank taxon name 


Delphinium hansenii (Greene) Greene subsp. hansenii 

Delphinium hansenii (Greene) Greene subsp. kernense (Davidson) 
Ewan 

Delphinium hesperium A. Gray subsp. cuyamacae (Abrams) H. Lewis 
& Epling 

Delphinium hesperium A. Gray subsp. hesperium 

Delphinium hesperium A. Gray subsp. pallescens (Ewan) H. Lewis & 
Epling 

Delphinium hutchinsoniae Ewan 

Delphinium inopinum (Jeps.) H. Lewis & Epling 

Delphinium luteum A. Heller 

Delphinium menziesii DC. 

Delphinium nudicaule Torr. & A. Gray 

Delphinium nuttallianum Pritz. 

Delphinium parishii A. Gray subsp. pallidum (Munz) M.J. Warnock 

Delphinium parishii A. Gray subsp. parishii 

Delphinium parishii A. Gray subsp. subglobosum (Wiggins) H. Lewis 
& Epling | 

Delphinium parryi A. Gray subsp. blochmaniae (Greene) H. Lewis & 
Epling 

Delphinium parryi A. Gray subsp. eastwoodiae Ewan 

Delphinium parryi A. Gray subsp. maritimum (Davidson) M.J. 
Warnock 

Delphinium parryi A. Gray subsp. parryi 

Delphinium parryi A. Gray subsp. purpureum (H. Lewis & Epling) 
M.J. Warnock 

Delphinium patens Benth. subsp. hepaticoideum Ewan 

Delphinium patens Benth. subsp. montanum (Munz) Ewan 

Delphinium patens Benth. subsp. patens 

Delphinium polycladon Eastw. 

Delphinium purpusii Brandegee 

Delphinium recurvatum Greene 

Delphinium trolliifolium A. Gray 

Delphinium uliginosum Curran 

Delphinium umbraculorum H. Lewis & Epling 

Delphinium variegatum 'Torr. & A. Gray subsp. kinkiense (Munz) 
M.J. Warnock 

Delphinium variegatum Torr. & A. Gray subsp. thornei Munz 

Delphinium variegatum 'Torr. & A. Gray subsp. variegatum 

Enemion hallii (A. Gray) J.R. Drumm. & Hutch. 

Enemion occidentale (Hook. & Arn.) J.R. Drumm. & Hutch. 

Enemion stipitatum (A. Gray) J.R. Drumm. & Hutch. 
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APPENDIX 1. CONTINUED. 


Vascular minimum rank taxon name 


Aphanes occidentalis (Nutt.) Rydb. 

Aruncus dioicus (Walter) Fernald var. acuminatus (Rydb.) H. Hara 

Cercocarpus betuloides Nutt. var. betuloides 

Cercocarpus betuloides Nutt. var. blancheae (C.K. Schneid.) Little 

Cercocarpus betuloides Nutt. var. macrourus (Rydb.) Jeps. 

Cercocarpus ledifolius Nutt. var. intermontanus N.H. Holmgren 

Cercocarpus ledifolius Nutt. var. intricatus (S. Watson) M.E. Jones 

Cercocarpus ledifolius Nutt. var. ledifolius 

Cercocarpus minutiflorus Abrams 

Cercocarpus traskiae Eastw. 

Chamaebatia australis (Brandegee) Abrams 

Chamaebatia foliolosa Benth. 

Chamaebatiaria millefolium (Torr.) Maxim. 

Comarum palustre L. 

Crataegus castlegarensis J.B. Phipps & O’Kennon 

Crataegus douglasii Lindl. 

Crataegus gaylussacia A. Heller 

Dasiphora fruticosa (L.) Rydb. 

Drymocallis ashlandica (Greene) Rydb. 

Drymocallis cuneifolia Rydb. var. cuneifolia 

Drymocallis cuneifolia Rydb. var. ewanii (D.D. Keck) Ertter 

Drymocallis glandulosa (Lindl.) Rydb. var. glandulosa 

Drymocallis glandulosa (Lindl.) Rydb. var. reflexa (Greene) Ertter 

Drymocallis glandulosa (Lindl.) Rydb. var. viscida (Parish) Ertter 

Drymocallis glandulosa (Lindl.) Rydb. var. wrangelliana (Fisch. & 
Avé-Lall.) Ertter 

Drymocallis hansenii (Greene) Rydb. 

Drymocallis lactea (Greene) Rydb. var. austiniae (Jeps.) Ertter 

Drymocallis lactea (Greene) Rydb. var. lactea 

Drymocallis pseudorupestris (Rydb.) Rydb. var. crumiana Ertter 

Drymocallis pseudorupestris (Rydb.) Rydb. var. saxicola Ertter 

Drymocallis rhomboidea (Rydb.) Rydb. 

Fallugia paradoxa (D. Don) Torr. 

Fragaria chiloensis (L.) Mill. 

Fragaria vesca L. 


..Fragaria virginiana Mill: 


Geum aleppicum Jacq. 

Geum macrophyllum Willd. var. macrophyllum 

Geum macrophyllum Willd. var. perincisum (Rydb.) Raup 
Geum triflorum Pursh var. ciliatum (Pursh) Fassett 
Heteromeles arbutifolia (Lindl.) M. Roem. 

Holodiscus discolor (Pursh) Maxim. var. discolor 
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APPENDIX 1. CONTINUED. 


Vascular minimum rank taxon name 


Galium buxifolium Greene 

Galium californicum Hook. & Arn. subsp. californicum 

Galium californicum Hook. & Arn. subsp. flaccidum (Greene) 
Dempster & Stebbins 

Galium californicum Hook. & Arn. subsp. /uciense Dempster & 
Stebbins 

Galium californicum Hook. & Arn. subsp. maritimum Dempster & 
Stebbins 


Galium californicum Hook. & Arn. subsp. miguelense (Greene) 


Dempster & Stebbins 

Galium californicum Hook. & Arn. subsp. primum Dempster & 
Stebbins 

Galium californicum Hook. & Arn. subsp. sierrae Dempster & 
Stebbins 

Galium catalinense A. Gray subsp. acrispum Dempster 

Galium catalinense A. Gray subsp. catalinense 

Galium clementis Eastw. 

Galium cliftonsmithii (Dempster) Dempster & Stebbins 

Galium coronadoense Dempster 

Galium diabolense Dempster 

Galium glabrescens (Ehrend.) Dempster & Ehrend. subsp. glabrescens 

Galium grande McClatchie 

Galium grayanum Ehrend. var. grayanum 

Galium grayanum Ehrend. var. nanum Dempster & Ehrend. 

Galium hallii Munz & I.M. Johnst. 

Galium hardhamiae Dempster 

Galium hypotrichium A. Gray subsp. hypotrichium 

Galium hypotrichium A. Gray subsp. inyoense Dempster & Ehrend. 

Galium hypotrichium A. Gray subsp. subalpinum (Hilend & J.T. 
Howell) Ehrend. 

Galium jepsonii Hilend & J.T. Howell 

Galium johnstonii Dempster & Stebbins 

Galium martirense Dempster & Stebbins 

Galium matthewsii A. Gray 

Galium mexicanum Kunth subsp. asperulum (A. Gray) Dempster 

Galium multiflorum Kellogg 

Galium muricatum W. Wight 

Galium nuttallii A. Gray subsp. insulare Ferris 

Galium nuttallii A. Gray nuttallii 

Galium oreganum Britton 

Galium parishii Hilend & J.T. Howell 

Galium porrigens Dempster var. porrigens 
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Family 


Scouleriaceae 


Seligeriaceae 


Sematophyllaceae 


Sphaerocarpaceae 


Sphagnaceae 


APPENDIX 2. CONTINUED. 


Bryophyte minimum rank taxon name 


Scapania mucronata H. Buch 

Scapania obscura (Arnell & C.E.O. Jensen) Schiffner 

Scapania parvifolia Warnstorf var. grandiretis Schljakov 
Scapania scandica (Arnell & H. Buch) Macvicar 

Scapania subalpina (Nees) Dumortier 

Scapania umbrosa (Schrader) Dumortier 

Scapania undulata (L.) Dumortier var. oakesii (Austin) H. Buch 
Scapania undulata (L.) Dumortier var. undulata 


Scouleria aquatica Hooker 
Scouleria marginata E. Britton 
Scouleria siskiyouensis Shevock & D. H. Norris 


Blindia acuta (Hedwig) Bruch & Schimper 
Seligeria donniana (Smith) Muller Hal. 


Sematophyllum adnatum (Michaux) E. Britton 


Geothallus tuberosus Campell 
Sphaerocarpos cristatus M. Howe 
Sphaerocarpos drewiae Wigglesworth 
Sphaerocarpos michelii Bellardi 
Sphaerocarpos texanus Austin 


Sphagnum bartlettianum Warnstorf 

Sphagnum capillifolium (Ehrhart) Hedwig 

Sphagnum compactum Lamarck & de Candolle 

Sphagnum contortum Schultz 

Sphagnum fimbriatum Wilson 

Sphagnum fuscum (Schimper) Klinggraff 

Sphagnum girgensohnii Russow 

Sphagnum henryense Warnstorf 

Sphagnum magellanicum Bridel 

Sphagnum mendocinum Sullivant 

Sphagnum palustre L. 

Sphagnum papillosum Lindberg 

Sphagnum platyphyllum (Lindberg ex Braithwaite) Sullivant ex 
Warnstorf 

Sphagnum quinquefarium (Lindberg) Warnstorf 

Sphagnum russowii Warnstorf 

Sphagnum squarrosum Crome 

Sphagnum subnitens Russow  Warnstorf 

Sphagnum teres (Schimper) Angstròm ex C.J. Hartman 

Sphagnum warnstorfii Russow 
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Family 
Splachnaceae 
Targioniaceae 


Tetraphidaceae 


Timmiaceae 


APPENDIX 2. CONTINUED. 


Bryophyte minimum rank taxon name 
Tayloria lingulata (Dickson) Lindberg 
Targionia hypophylla L. 


Tetraphis pellucida Hedwig 
Tetrodontium brownianum (Dickson) Schwagrichen var. ovatum 
(Funck) Wijk & Margadant 


Timmia austriaca Hedwig 
Timmia bavarica Hessler 
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